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SOME INTERESTING AND UNUSUAL FEATURES OF SHIP DESIGN, 


CONSTRUCTION AND REPAIR 


A Symposium 


Mr. A. T. S. SHEFFER (Liverpool) 


The design of ships and their subsequent repair is, I think, 
always interesting, and what may be considered unusual to- 
day is often the practice of tomorrow. The repair which I 
propose to describe, however, was the unusual production of 
abnormal times and as such, is, | think, perhaps worthy of 
record. 

It concerns the repair of a tanker of approximately 8,000 
tons Deadweight. The vessel was built in 1921 and the last 
Special Survey prior to the commencement of the war was 
carried out in 1937, 

During the war and for some time afterwards Special 
Surveys were suspended, and the ship was subjected to 
General Examinations until in 1946 she was given a G.E. 
for 6 months. On the expiration of this she was laid up by 
the Owners, who contemplated scrapping her. 

Later, because of the great shortage of tonnage, the 
Owners decided to have the vessel surveyed to see if it 
would be possible to repair her at an economical figure. 
The Special Survey revealed that the shell, decks, and internal 
structure throughout were so very heavily depreciated that 
renewals in the normal way would have meant scrapping 
the ship. Accordingly, as soon as an overall picture was 
obtained of the state of the vessel, a meeting was held with 
the Owners, and a plan of repair agreed. Two strakes of 
plating in the bottom shell were renewed over the full length 
of the cargo tank space to restore longitudinal strength, and 
other individual plates, where reduced to less than two thirds 
their original thickness, were renewed as required. 

The side shell was dealt with purely on the basis of the 
renewal of individual plates as above. 

The decks and internal structure, however, were dealt with 
differently. The decks and deck longitudinals on both upper 
and summer tank decks were depreciated over the whole area. 
It was decided, therefore, to renew two strakes of deck plating 
on the upper deck (Ip & Is), but increased in thickness, and 
one strake p & s on the summer tank deck, and in way of 
these strakes to renew also the deck longitud ‘nals. Elsewhere, 
it was decided to leave the plating except in local places where 
it Was so thin as to require renewal. 

Intermediate B.A. longitudinals were introduced in way of 
the remainder of the decks rather than disturb the old 
longitudinals. These were fitted intercostally between the 
transverses but snug up to each side of the transverse, the 
deck flange of the longitudinal being scalloped out in way of 
the transverse deck lug to enable this to be done. 

They were welded to the deck and to the transverse to 
which they were also bracketed. As the transverses were also 
heavily depreciated, these additional brackets served as a 
stiffening medium. Also, where the new deck longitudinals 
were fitted as described above, flat bar stiffeners were fitted to 
the transverses and the transverses were fitted with reverse 
face bars throughout. One or two individual longitudinals in 
way of the undisturbed plating were found to be approaching 


the “lace curtain” condition and these were cropped through 
the throat and offset bulb plate fitted and welded. 

The old rules for tanker scantlings were in some respect 
lighter than the recent rules and in dealing with the bulk- 
heads, etc., full regard was taken of this. For example, under 
the old rules the plating at a depth of 14 ft. below the top of 
the bulkhead could be °36 in. which, allowing depreciation of 
one third, would allow a thickness of *24 in. to be the passable 
limit. Experience has shown that providing the general con- 
dition of the plating is good and the stiffening is satisfactory, 
this reduced thickness will give trouble-free service for at least 
four years. On this consideration the bulkhead and trunk 
side renewals were kept to a minimum. The renewal of 
plating found necessary was generally at the very top and in 
several cases at either the shell or trunk side corners. As the 
bulkhead boundary bars were double 34 in. x 34 in. angles, to 
simplify renewal the plates were cropped at the toe of the 
angles. The toe of the angles and the remaining sandwich 
plate were chipped clean and the new plates fitted and welded. 
A slight double bevel edge preparation was given to the new 
p.ates and it is interesting to observe that this work was done 
without disturbances to the boundary angle rivets, a fact 
proved on the subsequent tank testing. 

Generally, where bulkheads or trunk side plating had to be 
renewed, the stiffeners were also renewed. The depreciation 
of the remaining stiffeners was found generally in the region 
of 50 per cent. Where any were in excess of this they were 
either renewed or cropped through the throat and welded 
offset bulb plates fitted as in the case of the deck longitudinals, 
this depending on the available material. Elsewhere, alternate 
stiffeners were either renewed or cropped and renewed as 
above. Experience has shown that when the plating and 
structure is generally depreciated, renewal of alternate 
stiffeners is not very satisfactory unless some support is given 
to the remaining stiffening members. Therefore, vertical plate 
stiffeners spaced approximately 2 ft. 6 in. were fitted between 
old and new stiffeners and welded to stiffeners and to bulk- 
head plating. 

In general, it was not considered worth while stiffening 
the trunk side webs and these were renewed throughout. 

The bulkhead webs, the transverse beams at the upper deck 
level in way of the trunk and the side shell transverses were 
all stiffened by fitting an additional face angle and additional 
flat bar stiffeners. The same treatment was given to the bottom 
longitudinal girders and to the horizontal shelf plates. Fitting 
bosom plates to stiffeners is not always very satisfactory and 
as the general condition of the side shell longitudinals was 
good the renewal of alternate longitudinals at the top six or 
seven was agreed upon and intermediate vertical plate 
stiffeners were fitted and welded as described for the bulk- 
heads. 

The wholesale renewal of connection brackets can be an 
expensive item and to keep down the cost these were renewed 
only where the stiffener or longitudinal was renewed. In 
almost all other cases a stiffening face flat was fitted. 

In planning the survey and the repairs the Owners stated 


that it was their intention to dispose of the ship for scrap 
within the four-year Special Survey period. 

It is interesting, therefore, to note that the ship went 
through a further Special Survey without, I was told by the 
Superintendent, having to carry out any real extensive 
renewals. 

She was, however, scrapped about two years after this 
latter survey. 

Another repair which has the virtue of being interesting, 
if not unusual, concerns the renewal of the double bottom 
structure in way of the engine room of an open shelter deck 
motor ship of approximately 6,000 tons gross. This vessel 
Was a normal type of general cargo ship with diesel 
machinery and electric auxiliaries amidships. The arrange- 
ment of double bottom tanks in the machinery space was the 
normal arrangement of lubricating oil tanks on the centre 
line and cofferdams in way of the line of the main engine 
holding-down bolts, but in this vessel the double bottom 
tanks outside the cofferdams had been used for fresh water 
or water ballast. 

When these water ballast tanks were examined internally 
it was found that the entire structure of floors and inter- 
costals on both sides of the ship required renewal. To further 
complicate the job the floor and intercostal top bars were so 
far corroded as to require renewal and in general the rivet 
heads were badly corroded. As much of the machinery was 
opened up for survey the Superintendent was quite naturally 
not a little disturbed at the thought of burners and riveters, 
etc., working down in the engine room. Apart from the 
possible damage to the machinery there would be consequent 
dirt and mess to be cleaned up, and as removals of pipes 
and valves, etc., for access to the work would be both exten- 
sive and expensive, it was decided to tackle the job from the 
underside with the ship in drydock. 

The ship was docked and two shell plates on B strake port 
and starboard were removed, for access. The floors and inter- 
costals were then cut out, removing only two floors at a time 
and renewing these before removing the next two. The reason 
for this was the considerable weight of auxiliary machinery 
on the tank top above and care had to be taken in order not 
to disturb it. When the floors and intercostals were removed 
the heads of their rivets to the tank top in the top bars were 
burned off and the top bars removed. The rivets were not 
punched out, and those that could not easily be pushed out 
were burned off flush. A plate flat bar was then welded to the 
tank top covering the rivet holes and the floor and intercostals 
respectively were welded direct to the plate flat bars. Where 
the floor top bars crossed the seams of the tank top plating 
and wherever there was a “jointer” rivet through an auxiliary 
seating angle above, the rivet was left intact and the standing 
flange of the top bar only cropped off. The new plate was 
scalloped over these positions. Similarly, where an_ inter- 
costal top bar also took the rivets of an auxiliary seating 
the standing flange only was cropped off, and, depending on 
the circumstances, the intercostal either welded to the chipped 
throat of the old top bar or slightly offset and welded direct 
to the tank top. 

At one or two floors part double top angles had been fitted. 
Where this occurred, the plate flat bars were fitted in two 
strips, each being separately fillet welded. The new floor was 
fitted to sandwich between the two and then fillet welded to 
each. The entire underside of the tank top was thoroughly 
scaled and any rivet heads deemed to be excessively corroded 
were ring welded. 


Nm 


Some local areas of the tank top were found to be thin 
and these were doubled from the underside. With floors and 
floor top bars removed this became a simple operation. To 
pull the doubling plates close, bolts were first welded to the 
tank top, the positions of the bolts being marked from a 
template. Holes large enough to pass over the welded bolt 
heads were punched in the doubling plate, using the same 
template to mark their position. The plates were then fitted 
over the bolts and screwed up tight. After the edge welding 
was completed the nuts were removed from the bolts one by 
one, the protruding part of the bolt cut off and then welded 
over. To fill and seal any cavities between doubler and tank 
top they were injected with a mixture of red lead and shellac. 

The plate flat bars covering the top bar rivet holes were, 
of necessity, welded overhead, and therefore as a_ pre- 
cautionary measure the welding was lightly caulked before 
the shell plates were replaced and the tanks tested. 

On completion of the work a good protective coating of 
paint was applied to the tank top. 

The tanks were tested and in only one place in way of an 
auxiliary seating did any leakage occur and with use of an 
injection and the usual red lead shellac composition the leak 
was quickly stopped. 

As there were none of the usual difficulties which are 
attendant when various trades are working on top of each 
other within the confines of the machinery space, the job was 
completed satisfactorily in quick time and without disturb- 
ance to the work in progress on the machinery. 


Mr. W. D. LYDERSEN (Copenhagen) 


It is sometimes difficult to see in an Outport if any 
particular design or repair is of an unusual character. This 
can only be judged at Headquarters, as it often happens 
that a case that is a common feature in One port is strange 
in another. 

In the following I shall give information about troubles 
experienced with the bossing of a twin screw single ended 
ferry (the rolling stock going over the stern) having the 
following moulded dimensions, viz:—411 ft. 10 in. x 
60 ft. OL in. x 25 ft. 7 in., a service speed of 18 knots, and 
a brake horse power of 4,460 at 200 r.p.m. on each shaft. 
The upper tip of the propellers moves inboard when the ship 
is going ahead. The ferry was built in 1958. 

The sailing of the ferry is as shown in Fig. 1. 

There are no special features about the design of the 
bossing, and the centre line of the shafting is practically 
parallel to the keel. 

After the ship had been in service for about a year a 
fracture was noted in the starboard boss upper plating and 
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November, 1961. 


some in a few of the aftermost bossed frames as shown in 
Fig. 2. 

The fracture in the shell was repaired by cutting away the 
damaged part and inserting a new plate (rounded corners), 
and by renewing the fractured part of the bossed floors. 

In addition to these repairs, the aftermost three floors were 
stiffened by inverse angles 6 in. 3 in. *42 in. port and 
starboard. 


FIG. 6 


November, 1961. 


After about one and a half years’ service a very slight 
buckling of some of the bossed floors appeared to have taken 
place, and vertical stiffeners were now fitted to all the 
bossed floorplates, together with the fitting of horizontal 
stiffening on further five bossed floors. The stiffening of the 
aftermost three floors being made on both sides of the floors. 

Small fractures were noted on the topside of the port and 
starboard boss. The fractured plate was repaired by new 


Fic. 7 


Upper side of starboard boss showing doubling plate and water passage ways 


insert plates and a 17 mm. doubling plate fitted on the upper 
side as shown in Fig. 3. 

\ few cracks were now also noted in the castings of the 
bosses and these were veed and welded. 

It may be mentioned that some vibration had been noted in 
the compartment forward of that where the bossed frames 
were fitted, and a shell girder was now fitted for the full 
length of this compartment 

After about two years’ service a fracture was noted in the 
shell plating on the underside of the starboard boss as shown 
in Fig. 4 

The fractured plate was part renewed 

When seen in dock after about three and a half years’ 
service two fractures were noted at the underside of the star- 
board boss, in addition, the fractured welding at some places 
both in the port and starboard boss flooring, as given in 
Fig. 3. 

As it did not seem practicable to reinforce the bossed 
frames further, two water passage-ways were fitted through 
the starboard boss in order to reduce the upward water 
pressure on the bossing and time will show if this will reduce 
the troubles, Figs. 6 and 7. 


Mr. G. J. DE JONG (Rotterdam) 


LENGTHENING OF SHIPS 


Already a long time before the war it was common that 
ships have been lengthened or converted and it was for the 
yards an important object to receive this kind of order. 


In the old days such kinds of alterations were extensive 
and it took a long time before the ship was ready for sailing. 

Generally, the job could only be commenced when the ship 
had arrived at the yard and then plate after plate brought 
together. 

After the war many ships have been lengthened and to do 
it in a very short time prefabrication was used to a large 
extent and the greater part of the new body was already 
completed before the ship arrived at the yard. 

The following report gives an idea of the lengthening and 
conversion of an open to closed shelter decker in the shortest 
of time. 

Messrs. Boele’s Scheepswerven en Machinefabriek N.V. at 
Bolnes received in March, 1961, an order from Messrs. The 
Medomsley Steam Shipping Co. of London to lengthen one 
of her cargo vessels the Crowborough Beacon by about 
59 ft. 6 in. 

The Crowborough Beacon was built in 1954 at Alblasser- 
dam, near Rotterdam, as an open shelter deck ship (9,720 tons 
deadweight). 

This was the largest lengthening of a general cargo ship 
which until then had taken place in Europe. 

Messrs. Boele started with a preparatory study and com- 
menced the assembling of the prefabricated panels to a 
59 ft. 6 in. mid-body on one of her slipways, Fig. 8. 

On 23rd October, 1961, this part was launched athwartships 
from the slipway, Fig. 9. On 25th October, 1961, the 
Crowborough Beacon arrived at the yard for gas-freeing the 
double bottom tanks and marking-off the exact position where 
to cut the ship into two halves in the floating dock. 


Fic. 8 


Building midship body on stock. 
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The fore and aft parts were separated and both parts were 
shifted to the yard again. 

The foreship and the new mid-body were placed on slipway 
and coupled together, Fig. 10. Afterwards this new foreship 
was floated again and coupled-up afloat to the afterpart of 
the ship, Fig. 11. 

In this condition the ship was towed to the floating dock 
again where the final joining and welding were carried out. 

At the same time the ship passed her Special Survey and 
was converted into closed shelter deck type and handed over 
to the Owners at the end of December, 1961. 


Mr. G. KAMPS (Rotterdam) 


AN INTERESTING SHIP REPAIR 


In thick fog the m.s. Shaftesbury grounded in the River 
Schelde on 2nd November, 1959. After being refloated by 
tugs, the ship was towed to Antwerp for inspection. 

Examination in drydock revealed extensive damage to the 
bottom structure under No. 3 hold and the engine room. 

At the forward end of the engine room the double bottom 
tanktop plating was found pushed up for approximately four 
inches, causing damage to the main engine and parts of the 
auxiliary machinery. 

The yard of Messrs. Wilton Fijenoord of Schiedam had 
secured the repair contract and the Shaftesbury was towed 
from Antwerp to Schiedam. 

The ship arrived at the yard on 21st November, 1959, 
and, before she left in February, 1960, had undergone a 
usual repair job in an unusual manner. 


Fic. 10 
Foreship and midship body on slipway. 


Fic. 9 
Launching midship body. 
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The two halves part coupled-up afloat 
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Fic. 13 
Preparing keel and side blocks. 
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Double bottom section being assembled in the drydock. 


It was while planning the repairs that it was realised the 
main engine seating and part of the bottom plating which was 
earmarked for renewal, took the form of a box-like section 
which could be assembled in one piece. 

The size of the would be about ft. 
35 ft. wide, and it’s weight approaching 100 tons. 

Although a valuable saving in time and manpower could 
be effected by commencing work on this section at once in 
the shipyard pre-fabrication shop, the problem of how to get 
it into position had to be solved. 

In view of the fact that damage was centred under the 
5-cylinder Doxford main engine, it was necessary to com- 
mence repairs by removing the engine entirely. Careful 
measurements of the crankshaft, bedplate and other large 
components had to be made to decide how much of the 
superstructure would have to be cut away to allow these 
parts to be lifted out of the engine room. In the event, it was 
found possible to enlarge the engine room skylight opening 
sufficiently by cutting away part of the Officer’s laundry and 
a section of the boat deck. In addition to the main engine, it 
was necessary to remove numerous auxiliary machines, all 
gratings, floor plates and several hundred pipes. Lifting out 
the auxiliary boilers was obviated by supporting them on 
specially constructed stools from the bottom of the drydock 
while the ship’s structure underneath was renewed. This 
arrangement was a considerable advantage because the port 
boiler proved to be the largest single item which was specified 
for removal, and lifting it out of the engine room would have 
entailed some extensive cutting away of accommodation. 


section 50 long and 


The Shaftesbury arrived at the yard as mentioned before 
on 2Ist November, 1959, and while the ship’s engines, 
etc., were being removed, pre-fabrication of the engine seating 
and bottom plating began, the structure being made in three 
pieces, which were ready for joining together when the ship 
was drydocked on 4th December. 

Before the Shaftesbury was drydocked, the keelblocks 
were altered to a height of 5 ft. 6 in., thus giving room for the 
section to be floated under the ship, Fig. 13. 

Once in dock, an army of burners were employed to 
remove all damaged plating and double bottom structure— 
a task which was completed in the remarkably short time 
of five days (Saturday, 5th December to Thursday, 10th 
December). 

Meanwhile, at one end of the drydock the three sections of 
new bottom-structure were being connected, Fig. 14, after 
being transported to the dock bottom by means of a floating 
crane. 

To get the new structure into place, it was decided to seal 
up all lightening holes, etc., and float it into place. 

On the night of Thursday, 10th December to Friday, 11th 
December, 1959, the dock was filled with water to just under 
3 ft. with the “barge” (which is what the pre-fabricated 
section became, in effect), floating only an inch or so from 
the dock bottom, Fig. 15. Then she was pulled and man- 
handled alonside the ship and under the ship, Figs. 16 and 17. 

When in position under the engine room, the water level in 
the dock was slowly raised, Fig. 18, until the bottom of 
the “barge” was in line with the bottom plating of the ship, 


FIG. 


Double bottom 
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section afloat. 


which operation was ready at 14.00 hours on Friday, 11th 
December. 

At this point, supporting blocks were drawn under the 
section by means of wires with the help of divers and the 
dock pumped dry, leaving the new double bottom structure 
in position and ready for joining-up the undamaged structure. 

Incidentally, during the above operation, there was at no 
time sufficient water in the dock for the ship itself to float. 

A great number of bottom plates had to be renewed in the 
vicinity of the fabricated structure, but by constructing the 
large centre section in advance under cover, there is no doubt 
that time in dock was considerably reduced. 

All bottom repairs and tank testing were completed on 
4th January, 1960, and the ship refloated the same day, after 
only four weeks in dock, which included both the Christmas 
and New Year holidays. 

Whilst the Shaftesbury was in dock, the main engines were 
rebuilt in the engine shop, all parts being specially examined 
and the whole engine re-aligned. Fortunately, only minor 
defects were found, thus enabling the engine to be dismantled 
ready for refitting in the ship shortly after she was floated. 

Replacing of the machinery, testing and recommissioning 
occupied just over four weeks and after basin-trials, the 
Shaftesbury carried out sea trials off the Hook of Holland 
on 11th February, 1960. 


The procedure of fitting the new engine room double 
bottom section into position is shown on the general arrange- 
ment, Fig. 12. 


SHIP PLANS DEPARTMENT (Gothenburg) 


Some examples of unusual design and loading arrange 
ments on bulk carriers, viz: 

(a) Sugar Carrier. 

(b) Cement Carrier. 

(c) Bulk Carrier. 

Two examples of the use of photo-elastic methods for deter- 
mining stress concentrations around openings. 


SUGAR CARRIER 


During the last few years increasing interest has, of 
necessity, been focused towards automation and rationaliza- 
tion in ships, and reducing to a minimum both the crew and 
the time in harbour are two of the most important items that 
must be considered. 

In the design of the sugar carrier m.s. Tanto, much has 
been done to meet these two requirements. The ship is of the 
type “paragraph boat’, i.e. just under 500 tons gross, and 


FIG. 
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Double bottom section entering engine room. 
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Fic. 17 


Water level in drydock being raised to lift double bottom section into position. 
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Only a few inches to go. 
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Sugar carrier. 


therefore advantage can be taken of the Swedish Law per- 
mitting reduced crew and equipment. 

In order to rationalize the loading and unloading, the ship 
has been equipped with a “pendulum loader’, Fig. 19, a new 
cargo handling device, developed for the rapid loading and 
discharging of unitised or packed cargo. The principal feature 
of this gear is an electrically operated boom which operates 
through approximately 270°, and can handle two sugar pallets 
simultaneously, each pallet having a weight of one ton. The 
gear can be operated by one man, and is mounted on a 
movable platform over the hold. Served by three fork-lift 
trucks, normally one truck in the hold and two on the quay, 
the pendulum loader can handle between 80 and 100 tons per 
hour. As the trucks also belong to the ship’s equipment, m.s. 
Tanto is completely independent of shore equipment. 

It may be remarked that the ship’s internal beam and 


Fic. 20 


depth are multiples of the pallet size, and that only one hatch 
Opening is arranged. Compared with the length and breadth 
of the ship, the length of the hatch is about 52 per cent, and 
the width about 62 per cent. 


At sea the pendulum loader is stowed in a garage at the 
deck house front. 


CEMENT CARRIERS 


Earlier, cement was loaded in ordinary cargo ships with a 
normal hatch arrangement. The cargo was carried either in 
sacks or in bulk, and in the latter case, the cargo was 
discharged by grabs. 

After the war, ships designed especially for the carriage of 
cement in bulk began to appear, and the cement was trans- 
ported directly from the manufacturer to certain harbours 
where the cement was unloaded and transported to silo 
storages. 


Loading and unloading must be carried out as efficiently 
as possible and the following are the main requirements with 
regard to this: — 


(a) Quick turn round in harbour. 

(b) As fully automated as possible. 

(c) Independent of the elements. 

(d) Freedom from dust. 

The loading and unloading time was earlier much longer 
compared with the time at sea, the latter time being only 


about one to two days. In order to reduce the time in harbour 
it was decided to install automatic loading and unloading 
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Bulk carrier. 
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equipment in the ship itself. This consists of closed endless 
belts and screw transporters. The hatches may then be omitted 
and the requirement (d) could then be easily complied with. 

The m.s. Nordanvik, built in Sweden, is, as far as is known, 
one of the largest of this particular type of vessel. With one 
man supervising the operation 2,400 tons can be loaded in 
about five hours and the same amount discharged in about 
ten hours, Figs. 20 and 21. 

As seen from the transverse section a V-shaped tanktop is 
arranged, and in the bottom of each vee there are chain type 
endless belts which transport the cement into six pockets 
situated amidships below the tanktop level. From here, the 
cargo is lifted to the deck by means of six vertical screw type 
elevators. Thus, the holds are completely emptied. Because 
the unloading is carried out by the ship’s own equipment, 


STEERING 


additional transport is only required from the ship to the 
silos. 

To improve the stability and the longitudinal strength a 
C.L. bulkhead has been fitted in the hold. 

Another interesting vessel of this type is the Finnish ship 
Granvik, which is built on a similar principle to Nordanvik, 
but is somewhat smaller. The cement is gravity loaded through 
feeders and a mixture of air and cement is thus obtained in 
the hold. The canvas feeder fits closely to the small hatch 
coaming and the cement/air mixture is evenly distributed 
throughout the cargo space in a similar manner to a grain 
cargo. This means that the ship will, for the first hour or two 
of the voyage, have bad stability due to the free surface effect 
until the cargo de-aerates. This ship was originally built 
without a C.L. bulkhead, but a portable wooden bulkhead 
was fitted before the ship was delivered to reduce this initial 
free surface effect. 

Generally speaking, the stability of this type of vessel must 
be carefully considered, and it may be mentioned that in 
another cement carrier, at present under construction here, 
wing ballast tanks and also four longitudinal bulkheads have 
been arranged, Fig. 22. 


BULK CARRIER 


A bulk carrier with several distinctive features has been built 
by A/B Lindholmens Varv., Fig. 23. Designed for general 
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General arrangement of bulk carrier. 


No. 4 hatch 
3110S 


No. 4 hatch 
31S 16 


Breadth of ship 63 feet 


No. 4 hatch 
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bulk cargoes, from low density grain to high density ore 
cargoes, the ship can load a full deadweight—15,750 tons—of 
grain at 54 cu. ft./ton. To eliminate the disadvantage of a 
“stiff” ship when loaded with ore cargoes, the ore is loaded 
in Nos. 1, 3, 5 and 7 holds to the full depth of the holds. 
With this arrangement, and a full deadweight of ore at 
18 cu. ft./ton, a metacentric height of about 3:5 ft. is 
obtained against a normal GM of about 8-10 ft. for more 
conventional types of ore-loaded bulk carriers. 


To shorten the time in port when lifting a grain cargo, 
which would normally require erection of temporary shifting 
boards and bagging over partly filled holds, Nos. 2, 4 and 6 
holds have been fitted with a partial depth longitudinal bulk- 
head port and starboard ; these act as permanent grain bulk- 
heads and the holds may be filled without any other special 
arrangements being made. Nos. 3, 5 and 7 holds may also be 
used for light grain and water ballast and, due to their widths, 
no shifting boards or bagging is necessary even if these holds 
are partly filled. 

All holds are self-trimming during loading and discharging 
operations due to the dimensions of the centre and side 
hatches and also to the fact that the side stringers are sloped 
downwards 45°, this is expected to reduce considerably the 
cost of handling the cargoes. 

With the design depth of the holds from top of hatch coam- 
ing to the tank top not exceeding 42 ft. the vessel is suitable 
for the particular requirements of the Great Lakes ore- 
carrying trade. 

The longitudinal distribution of the ore cargo holds enables 
the bending and shearing stresses to be brought under the 
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Society’s limits and the scantlings are minimum for the class 
notation *~K100A1 “Strengthened for ore cargoes Nos. 2, 4 
and 6 holds may be empty”. 

Two examples of the use of photo-elastic methods for 
determining stress concentrations around openings. 

The examples chosen deal with stress concentration factors 
at hatch corners in the strength deck and also at cargo door 
openings in the side shell. The investigation was made for two 
new buildings, both for the same owners and the work was 
conceived and carried out in the photo-elastic laboratory of 
the Royal Technical University, Stockholm, from whose 
reports much of the following is taken. 

The first ship is an 8,800-ton combined refrigerated and 
cargo liner, a further development of an earlier type. As will 
be seen from the part deck plans, Fig. 24, the ship has three 
hatches abreast. The side hatches have, in way of the midship 
deck house, been placed rather close to the house corners. 

The investigation was made to estimate the effect of fitting 
the enlarged hatches close to the adjacent deckhouse. It was 
found that a change in the relative position of the deckhouse 
in relation to the side hatch corners did not noteworthily affect 
the stresses at the adjacent hatch corners. When comparing 
the stress concentration factors for the different hatch corners 
it was noted that those at the outermost side hatch corner, in 
this case the one situated near the corner of the deckhouse, 
had lower values than those nearest the ship’s centre line. 
Unfortunately, the experiment was made with a model incor- 
porating the deck plating only, thus the possible adverse 
influences of sheerstrake and side plating were not apparent 
in the results. The inclusion of the latter items will slightly 
alter the relative values of the stress concentration factors. 


I ) 3 
eo | ad 
2 s xe 
PBS ete 
Sn 
3 $| as 
i bye. 
3 
4 | < 
7 } c 
- E 
l o = 
% 
= “ 
aS Neal 
; 5 
R 
Insert plate + 
Actual thickness 28 mm 0 oO E 
N o E 
o ne | 
| ad » 
2 a) : 
mn au 10 12 


Fic. 25 Fic. 26 


Hatch corner 


Type 8 


1-0 0-8 06 0-4 02 0 


15 


Fic. 28 


The second ship is a 5,000 ton deadweight fruit carrier 
constructed for carrying refrigerated cargoes down to —29° C. 
The investigation was made with different types of cargo door 
reinforcements which were obtained by varying the measure- 
ment x and y, Figs. 25 and 26. The heaviest type of reinforce- 
ment was intended as compensation for lost area in the sheer- 
strake and the proposed thick insert plate was therefore 
extended into the strength deck plating (see line marked 1 in 
Fig. 25). The main dimensions for the actual ship’s cargo 
doors are also given in Fig. 25. 

The result of the investigation can be seen in Fig. 27, where 
the stress concentration factors are given in the forms max/8 
deck for different arrangements of reinforcements. In this 
figure the points numbered from | to 12, with their corres- 
ponding ordinates, each refer to one particular type of rein- 
forcement; point | being the heaviest and 12 the lightest 
arrangement investigated. For points Nos. 2, 4, 8 and 12 the 
corresponding reinforcements have been shown in Fig. 27, 
the hatched parts of which indicate the area removed from 
the original type | reinforcement. The broken horizontal line 
“hatch corner” indicates the stress concentration at the 
strength deck hatch corners (normal hatch arrangement with 
radiused corners and insert deck plate reinforcements) as 
found from earlier stress investigations. 

These investigations show that only a pure local reinforce- 
ment, i.e. of the lighter type, was required for this ship and 
no compensation for the lost area in the sheerstrake was 
necessary. The general result of this photostatic investigation 
could be summed up as follows :— 

(i) The different types of cargo door reinforcements do not 
affect noteworthily the stresses in the strength deck plating 
and consequently do not influence the stress concentration 
factor at the strength deck hatch corners. 

With regard to the magnitude of the maximum stress, 
small reinforcements localised to the side door corners 
are as effective as the heaviest type and consequently the 
small reinforcement can be fitted as the stress concentra- 
tion at the cargo doors corners need not be less than 
those at the strength deck hatch corners. 

Small local reinforcements round the corners must be 
extended sufficiently in the fore and aft direction to keep 
the maximum stress within the reinforced plating, Fig. 28. 


(ii) 


(iii) 


1S 


The types of stress investigations briefly mentioned above 
are likely to be followed by many others, as they are com- 
paratively easy to perform. The knowledge obtained from 
this type of investigation adds considerably to our general 
understanding of the problem of stress concentration around 
openings. This will enable us to decide on the type and 
arrangement of compensation required, if any, and help to 
provide reasonable solutions for this constantly occurring 
problem. 


Messrs. B. GRAUERS, K. O. L. NILLSSON & 
A. H. MARKLUND (Gothenburg) 


ERIKSBERGS MEK. VERKSTADS A.-B. 
PREFABRICATION OF SECTIONS 


Prefabrication of sections has, for a number of yards, 
meant increased production, sometimes with a reduced number 
of berths and an unchanged or slightly increased number of 
workers. Messrs. Eriksbergs at Gothenburg was the first yard 
in Sweden which adopted this method and is still to the fore 
in this respect. The delivery time of the yard is short, a 
normal figure is two and a half months’ berth time plus two 
months fitting out. One ship, a 36,000-ton tanker, was delivered 
after only 100 working days. A brief description of the latest 
developments in this yard, in connection with the foregoing, 
will be given here. 


HANDLING OF PROFILES AND PLATES BEFORE ASSEMBLY 


The platers’ shop has a new and fully automatic produc- 
tion line for profiles. It has been in use for about one year 
and proved very successful. The profiles are transported 
between the different working stations on rollers, electrically 
driven and lifted to and from the rollers by intermediate 
“forks”. The line has four operating stations with intermediate 
stores. Manipulation is by the push-button system. The 
different working stations are: 


1. Marking station. 

2. Scalloping station. 

3. Cutting station. 

4a. Bending and fairing station. 
4b. Store for direct transport out. 


All bending and fairing on this production line is carried 
out under cold working conditions. The average time for a 
section to pass the production line is about one hour. 

This yard has never been in favour of optical marking 
methods for plating, instead, there is at present one cutting 
machine of Telerex-type. A 1:10 scale sketch of the plates, 
which are to be cut, is placed on a manceuvring table and a 
pilot light follows the contour of the sketch. Four burners 
over the working tables follow the movements of the pilot, 
this eliminates all marking of plates. Only internal items, 
transverses, webs, &c., are at present handled here. This 
machine has two working tables each with two burners. A 
similar larger machine is being assembled which will have two 
working tables 6 by 12 metres and six burners. 

Special facilities for positioning and welding face bars to 
web plates have been arranged. These operations are now 
carried out automatically and can be handled by one man 
working two welding machines. 
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‘TOLERANCES 


With the need for good fitting to avoid costly 
extra fairing work on the berths, permissible 
tolerances must be kept small and at present these 
are in the range of + 2 mm., at least, for two 
dimensional sections. The yard’s present position 
with regard to this matter has been the subject of 
a paper entitled “Tolerances in the Prefabrication 
of Ships” by Mr. C. E. Fredriksson and presented 
to the I.N.A. at the summer meeting 1961. 


BUILDING UP THE SECTIONS 


Fic. 30 After the joining of individual plates by the 
- union-melt system in the welders’ shop the panels 
are transported to various places, both under 
cover and in the open air, for the fitting of the 
internal items and further building up of the 
sections. At present 90-95 per cent of the material 
is delivered to the berths after some kind of pre- 
fabrication. Bow and stern units are delivered 
complete in three-dimensional units. Side shell, 
deck and bulkhead units are welded complete 
with webs, frames, beams, etc. Fig. 30 shows part 
of the afterbody of a tanker being hung up, prior 
to fitting. Previously the sections sometimes 
included two decks, but the yard found it more 
convenient with only one deck and instead now 
make the sections longer, if lifting facilities so 
permit. The transport out to the berths is on large 
wagons on pneumatic tyres, pushed by trucks. 
Many of the units are finally examined before 
erection, this making the job easier for the Sur- 
veyor and saving the cost of staging for the 
yard. The butts in decks and bottoms are machine 
welded by the submerged arc process. 


After end section of 50,000-ton tanker under erection. In the 
background transverse bulkhead and deck in centre compart- 
ment of a tanker partly erected. 
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Longitudinal section with transverse bulkheads and web 
frames in side tank under erection. 
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ORDER OF ERECTING THE UNITS 


The following examples give the extent of the units and 
their order of erection for three types of ship. 
Fig. 29, 50,000 tons deadweight tanker. 


Order of 


erection Unit 


Weight tons 


l Centre bottom strakes ~ 50 
2 Side strakes of bottom shell ~ 30 
3 Bottom longitudinals, transverses — 
and bottom girders 
4 Transverse bulkhead in centre ~ 80 
tanks with stiffeners and webs 
5 Main deck over centre tanks with ~ 100 
longitudinals, girders and_ trans- 
verses 
6 Longitudinal bulkhead with web ~ 120 
frames in side tank and transverse 
bulkhead in side tank 
Side shell with longitudinals a 50 
8 Main deck at side — 


This table gives the sections used for a tank length. After 
the bottom plating, the first vertical section erected is at the 
aft cofferdam, and then the work is continuous in both direc- 
tions. In the background of Fig. 30 is seen a tanker with 
transverse bulkheads in centre tanks and main deck partly 
erected. Fig. 31 shows longitudinal section with transverse side 
bulkheads and web frames at side under erection. 


BULK CARRIER 


Type with cargo hold extending out to the side shell and 
with top and bottom side tanks, Fig. 32. 


Order of 
erection 


Keel 

Bottom in panels from bilge to bilge 
Double bottom sections from margin plate to 
margin plate 

Transverse bulkheads+deck between hatches 
Shell plating with top and bottom side tanks 
fitted, and transverse webs and frames be- 
tween them 


Side deck 
girder 


longitudinals and 


section with 


The first vertical section erected here is the forward E.R. 
bulkhead, and from there the work is continuous in both 
directions. The weight of each section is about 60 tons to suit 
lifting capacity. 


CARGO SHIP 
This is a normal cargo ship with two decks and engine 


room aft or nearly aft. 


Order of 
erection 


Unit 


Keel 
Bottom plating in panels from bilge to bilge 


wrs— 


Tank top plating with girders, bottom longi- 
tudinals, transverses and reverse longitudinals 
over a length of about 10-12 metres 


4 Main deck with transverse bulkhead and cl. 

bulkhead, incl. hatch side girders, hatch end 

beams and longitudinals or beams 

Side shell with transverse hold and frames, 

longitudinal ‘tween deck frames from strake 

above bilge to sheerstrake 

6 Shelter deck with “tween deck bulkheads, 
longitudinals and transverses, hatch end 
beams and side girders 


na 


7 Bilge strake 


For all types of ship the erection of superstructures and 
deckhouses is similar in that the deck, together with all 
internals, bulkheads, etc., below is fitted in one unit. 

As seen from the tables the order of erection is uniform for 
all three types of ship. After the bottom part is ready the 
transverse bulkheads are erected and thereafter the midship 
part of the deck. The last item of the hull in all types is the 
bilge strake which is fitted on board with excess breadth and 
then made to fit by manual burning. 


FUTURE 


It is impossible to say anything about the development in 
the future, but a possible way seems to be that the size and 
form of the sections will remain, with small changes in the 
next few years, but that the shop work will be more simplified 
and automated. 


LENGTHENING OF SHIPS 


There is perhaps nothing new in such an operation but it is 
thought worthy of recording. A number of ships navigating 
on the Great Lakes through the St. Lawrence Canal were 
lengthened just after the opening of the St. Lawrence Seaway 
to give them extra cargo-carrying capacity. 

Many such operations have been carried out. Ships with a 
moderate sheer could be lengthened without great difficulty 
by a parallel midship part which in most cases had been 
prepared and partly assembled beforehand and been ready 
at the repair yard for connection between the fore and after 
part as soon as the two parts of the ship had been separated. 

The keel strake has in all such cases been horizontal for 
the ship’s whole length. There have been cases, however, 
where, in ships with extreme sheer, in order to get continuity 
with the fore and after bodies a slight knuckle had to be made 
in the keel without, however, any disadvantage to the ship. 
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Separated fore end of the ship. 


The lengthening of Great Lake ships is illustrated in Figs. 
33 and 34. The fore end has been placed on launching cradles 
and by means of cranes and blocks pulled forward to designed 
position. 


SHORTENING OF SHIPS 


Shortening of ships is, on the other hand, not a frequent 
Operation but it has, however, happened due to the re- 
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Erecting of new midship body 


Fic. 35 


Alteration of fore peak. 


disposition of ships. In this case it is referred to two ships 
originally intended, designed and used for ore cargo on a 
general trade which had to be shortened in order to suit 
harbour facilities with sluices and docks for access to the 
harbour of Port Talbot. It was found necessary to make the 
reduction in length by alteration of the stem and soft nose. 
The ships were originally provided with a straight or slightly 
inclined stem of attractive appearance. After the alteration 
the ships had a very changed contour. 
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New shape of fore peak 


altered very much, which alteration could only be made in 
the fore peak region. The Rule requirements made it necessary 
to place the collision bulkhead one frame space abaft the 
original position. The stem took on a strange shape, very 
similar to a clipper stem but more square than this type. This 
was the best way to follow in order to get the waterlines to 
suit the fore end of the ship, which is illustrated by photo- 
graphs placed at our disposal by the repair yard which carried 
out the alteration to one of the ships, Figs. 35 and 36. 


cargo tank just below the midship bridge and fire subse- 
quently destroyed the bridge and poop superstructures, 


Swedish yard which was consequently in a position to effect a 
quick repair at short notice. 


rebuilding that followed and the yard was able to prepare, 
assemble and weld the bridge space and all deckhouses before- 
hand and furthermore build the accommodation with furni- 
ture, davits, piping, electric outfits and painting, etc., all ready 
for placing on board in one unit. 


blasted away two transverse bulkheads in the centre cargo 
tanks and also caused the deformation of the plate panels in 
the longitudinal bulkheads. 
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Extent of fire damage. 


[he original waterlines and fore body had of course to be 


REPAIRS OF SHIPS 


tanker had suffered an explosion in an empty centre 


37. The ship had been built a few years earlier at a 


Prefabrication played an important part in the partial 


Fig. 38 shows the violence of the explosion which had 


The vessel was equipped with cathodic protection and one 


of the anodes can be seen in Fig. 38 attached to the web on 


longitudinal bulkhead. One theory for the cause of the 


explosion was that a wasted anode caused a spark on falling Fic. 38 
to the bottom of the empty tank. 


. Damage in centre cargo tanks. 
This tanker was not classed with the Society. S ars 


Photographs by courtesy of Messrs. Eriksberg 


Damaged fore peak removed. 


Lower section being fitted in dock 


Fic. 41 
Upper section being fitted afloat. 


Another interesting repair carried out to a ship was much 
referred to in Swedish newspapers. The ship had been in 
collision in South America and the fore peak and forecastle 
were badly damaged. 

The vessel had been built a few years earlier at a Swedish 
yard which specialises in prefabrication and it was possible 
to arrange with them for a quick repair. The yard was in the 
fortunate position of having a similar ship under construction 
and the fore end sections for this new ship were nearly com 
pleted. It was possible to use them for the damaged ship 
instead 

The photographs show: Fig. 39, the damaged fore peak 
section removed ; Fig. 40, the lower section being fitted whilst 
the ship was in dock; and Fig. 41, the upper section being 
fitted afloat. 

Repairs of this order take somewhat less than three weeks 
to complete 


CONVERSIONS OF TANKERS TO BULK CARRIERS 


In the course of one of the above type conversions the 
position of the bridge had to be altered. The accompanying 
photographs show the method employed, i.e. the midship 
superstructure was freed from the deck, Fig. 42, wedged up 
on the wooden cradles, placed on soaped and oiled conven 
tional launching arrangements and, by means of blocks, 
moved by the dock cranes, Fig. 43, the necessary distance into 


the new position 


Photographs by courtesy of Messrs. Eriksbere 
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Detail of arrangements for moving midship erections 


Fic. 43 
Midship erections being moved 
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Building a floating dock and commencement of a tanker simultaneously in the same building dock. 
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Graving dock flooded 
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Fender wheels. 


BUILDING A 
MENT OF A 


FLOATING DOCK AND COMMENCE- 
TANKER SIMULTANEOUSLY IN THE 
SAME BUILDING DOCK 


An interesting achievement is illustrated in the accompany- 
ing photographs which show various stages in the simul- 
taneous construction of a floating dock and part of a tanker 
in a graving dock. 

The early stage of assembling of the aft end of the tanker 
is shown on the left in Fig. 44 and the floating dock to the 
right. 

Fig. 45 shows the graving dock flooded in preparation for 
the floating out of the new dock, now completed. In the same 
Operation the after end of the tanker, which had been made 
tight and suitably ballasted with concrete blocks to give her 
an even keel, was moved some 40 metres nearer the entrance 
to the dock. This move gave much needed stacking space 
for prefabricated units awaiting assembly. Some units, next 
on the assembly line, are seen with parts projecting above the 
water. 

Fig. 46 shows fender wheels mounted on the side of the 
floating dock to assist in a smooth passage out of the graving 
dock. 

Photographs by courtesy of Messrs. Eriksberg 
UNUSUAL DESIGN 

In recent years there has been a general trend to design 
cargo ships and bulk carriers similarly to tankers with engines 
and accommodation aft. There may be many reasons for this 
tendency but the main one is perhaps sociological. Due to the 
Welfare aims amongst people with limited working hours, 


much free time at their disposal and many privileges the 
difficulties of getting real seafaring people for the ships, it 
has been necessary to alter ship types in order to obtain the 
best result from cargo voyages with available personnel. All 
expenses for tonnage fee, engines, fuel, salaries, stevedores, 
cargo handling, etc., have forced the Owners to build ships 
which are efficient for purpose and trade. 

The old types of conventional ship which many times had 
a beautiful and graceful design have consequently been 
altered to suit modern demands. In many respects the modern 
ships could be characterised as floating trucks, only intended 
for quick transport of cargo but with expensive accommoda- 
tion and navigation facilities to make life at sea still attractive 
for the personnel. 

Therefore the space amidships formerly used for accom- 
modation, engines, auxiliaries, etc., has been found too valu- 
able to neglect for its more effective use for cargo having 
large grain and bale capacity. There is also a demand for 
large cargo hatchways, easy to close and open with available 
crew without making use of expensive stevedores. 

For all these reasons the aim has steadily been to move all 
accommodation and engine space towards the after end of 
the ship. In this connection it must be said that if one Owner 
has adopted a design in this direction, he will very soon be 
followed by other Owners. 

Many interesting ship projects have been built, a few type 
examples of which will be described in general terms here 
below. 

The small cargo ships with a restricted gross tonnage not 
exceeding 500 tons are too well known to require any special 
mention. This tonnage limit permits a reduction in crew suffi- 
ciently great to make the operation of these small units 
economical. The limited length of the ships does not intro- 
duce any difficulties regarding stress, navigation, high deck- 
houses or erections and stability. Nor do the weights of 
engine, auxiliaries, propeller, etc., have any great influence 
on the trim of the ship. 

Valeria: This is a paragraph type ship of restricted tonnage 
and engaged on regular service between British and Swedish 
ports alternating with a sister vessel. These ships are designed 
for quick loading and unloading with the help of harbour 
crane facilities. The ships arrive in Sweden in the morning 
one day in a loaded condition and leave port the same even- 
ing with a minimum of time in the harbour. The ships are 
provided with deck cranes and long hatchways with steel 
covers on shelter deck and second deck. Those on the second 
deck are flush, thus permitting trucks to operate both in “tween 
decks and holds. 

Ships engaged on this service need not, as a matter of fact, 
be provided with any derricks or deck cranes at all and their 
absence would add to the deadweight. 

Other ships of the paragraph type have portable cranes on 
rails capable of reaching all parts of the holds. This is a 
feature which is found on ships recently built and in other 
vessels referred to later. 

Italia: This is a type of ship which could be said to be a 
continuation of earlier ship types representing well studied 
projects from many points of view and especially the question 
of handling cargo. 

The ship was originally designed for two rows of hatch 
openings but the arrangement was finally altered to incor- 
porate only one wide hatch across the ship. There are two 
decks with the steel hatch covers in the second deck flush 
and those in the upper deck situated on a trunk with heavy 
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FIG. 


continuous hatch side coamings. The topside plating in upper 
deck and trunk is of special quality steel. 

The great breadth of the hatchways made it necessary to 
fit a substantial fore and aft beam of heavy scantlings. It is 
not always necessary to remove this beam when handling 
ordinary cargo. In such case this feature is not of any par- 
ticular importance to the ship. Without this beam the scant- 
lings of the steel covers would have been so heavy that the 
deck crane would have been inadequate to handle them. 

The Owners of this ship have specialised in cargo handling 
by means of pallets or trays. In order to use this system of 
cargo handling a very wide and long hatch opening is required 
and preferably covered with steel hatch covers. 

This ship could consequently be used on a regular line 
trade when making use of the above system, or part of it. The 
ship is also suitable for carrying paper in rolls and wood 
pulp. The paper rolls are of such a length and diameter that 
it suits the breadth of the ship, the rolls being stowed in a fore 
and aft direction. The saving in time for handling the cargo 
in this way is appreciated. 

The housing of the steel hatch covers in an open condition 
has consequently forced the cranes to be placed on pedestals 
situated a considerable distance from the bottom of the 
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ship which is of undesirable influence for the ship. 

For navigation in fog, narrow waters and harbours 
the deck houses and superstructures aft have to be very high 
for securing good visibility. In fog it is perhaps the question 
that the navigation place is too far from the bow. The naviga- 
tion instruments such as radar are not always from technical 
and juridical points of view reliable enough. Crow’s nest 
forward could partly reduce the disadvantage. 

The engine space reduced to a minimum in length in order 
to obtain maximum cargo space, has consequently been 
forced upwards the “walls”. There was place enough for two 
auxiliary engines down on ordinary level in the engine space, 
i.e. on tank top but the third one has been placed on a 
platform at the after end of the engine space, also contributing 
to the centre of gravity coming further up. Day tanks, engine 
stores and CO, bottles also come far up. 

Apart from the mechanical influence of all considerable 
weight fairly high up from the baseline some other things 
would be mentioned debiting the ship type and ships of 
similar design in general. The docking possibilities are more 
difficult as the ship has to be brought down to a horizontal 
keel level if the ship has to be docked in a graving dock, but 
in a floating dock the possibilities are somewhat better but 
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there is still a limit for trimming a floating dock. 

The noise from engines can disturb or influence the crew 
especially in the harbours when the auxiliaries are placed 
near the accommodation. There is a resonance from the 
auxiliary engine placed on the platform that same cannot be 
used in harbours. 

To get better stability the ship is provided with deep 
tanks amidships. These tanks are intended for the carriage of 
wine in bulk. 

Fig. 47 shows the ship. 

Toulouse: Another interesting ship type is one having 
twin hatchways placed across the ship amidships and a single 
one towards the ends. One could say that it is a built version 
of the ship with only one large hatchway across the ship. The 
twin hatchways serve the same hold. Below the hatch coam- 
ings at the centreline is arranged a tunnel in the ‘tween decks 
which serves for piping, electrical cables, etc., and as well 
could be used by the crew in bad weather when the accom- 
modation is placed at the after end. This tunnel, however, 
ends in the tonnage hatch opening but should in such case be 
extended to the forecastle, which would require double 
hatches for the ship’s whole length. 

The whole centre structure below the tunnel is supported by 
one row of pillars of substantial dimensions. The holds are 
well accessible from the stationary and the portable deck 
cranes move on fore and aft rails between the inner hatch 
coamings and supported by the tunnel bulkheads. 

One could make an objection that the number of deck 
cranes which serve hatchways Nos. 2 and 3 which are also 
provided with twin hatchways is too high. The portable deck 
cranes could have been provided with longer arms and the 
stationary cranes be omitted. 

The holds Nos. 1 and 4 which have single hatchways are 
provided with heavy lift derricks, 45 tons for No. 1 hatch and 
100 tons for No. 4 hatch supported by self-staying masts, 
apart from ordinary winch arrangement. 

The engine space has also in this case been reduced to 
what is considered reasonable. The auxiliaries are placed on a 
platform at the after end of the engine space. 

All heavy weights are consequently placed rather high up 
from the keel and it is therefore doubtful if the heavy derricks 


could be used in service without taking precautions to counter- 
act the expected list of the vessel. 

The space between the inboard hatch coamings could as 
well act as an open water space, which could be dangerous 
for the ship if the freeing arrangements were inadequate. 
The portable deck cranes could act as ends in the open water 
space. 

The ship is also provided with deep tanks amidships to help 
trim the ship in ballast condition and when the ship has to 
be docked. 

The attached sketches show the ship in plan view, Fig. 48, 
and perspective section, Fig. 49. 
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Arrangement of the holds. 
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The layout of Gétaverken’s new shipyard at Arendal. There is about one kilometre (about 1,100 production-line” technique. The ship sections are completed and joined together in the large 
ards) between teel stockyard shown at the extreme left and the gates of the building docks “bull erection hall” at the head of the building docks and as each part is completed the ship 
wn to the extreme right of the picture. The production is in accordance with “the straight is gradually pushed out, stern first, into the building dock. 


Gotaverken’s new shipyard at Arendal 


Fic. 51 
Gotaverken’s shipyard, Arendal. 


SHIPYARD METHODS AND LAY-OUT 


While modernisation and rationalization are to-day by no 
means new terms to the British shipbuilder, it may be of 
Interest to home readers to hear some aspects of the new 
concepts as applied in two of the larger yards in Sweden. 

Two quite different approaches dictated by different condi- 
tions have been adopted by the two yards under considera- 
tion. At Gotaverken restricted building and launching space 
were main factors leading to the decision to construct a com- 
plete new yard, while at Eriksberg the availability of adjoining 


land made possible the excavation of a large drydock 
primarily intended for new buildings and associated with 


advanced prefabrication method—a system that this yard had 
successfully pioneered in Sweden during World War II years 

The developments reflect the urgent need to keep their grip 
in a keenly competitive international market in the face of 
steadily rising home wages which are perhaps exceeded only 
by those in the U.S.A. 


Ship features constructional 


design are influenced by 
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methods. The latter play an important part in the economics 
of shipbuilding and with this justification the following brief 
descriptions are presented in this symposium. 
GOTAVERKEN’S NEW SHIPYARD AT ARENDAL 
Expected production per year will be of the order of 
200,000 tons deadweight and as an example, a 50,000 tons 
tanker, it is calculated, will be built in roughly 20 weeks. 
About 1,600 manual and 275 office workers will be employed. 
Fig. 50 gives some idea of the size and lay-out of the yard 
now nearing completion. From the extreme left is seen the 
plate store, the stockyard with gantry crane, the platers’ shed, 
buffer store, welding shop, buffer store assembly hall and 
building docks in that order. Alongside the docks is the equip- 
ment hall and a drawing office and in the centre background 
is a football ground, a heated storage building and a block 
containing yard power installation, washing and changing 
rooms and a swimming pool. 
The stockyard, of 14,500 sq. yards, is served by an electro- 
magnetic, high speed, gantry crane, with a span of 65 yards. 


FIG. 


Assembly hall of the 


The stockyard is fed from the plate store, having an area of 
50,000 sq. yards, where the plates will be collected into groups 
before being brought forward. Considerable care will be 
exercised to get the plates into systematic groups. One crane 
operator will bring out the different plates as required using 
a card selection system and then place them on a roller way. 
The movement of the plates on the roller way is regulated by 
“limit” switches and the plates will be straightened, rolled and 
shot-blasted automatically, before they are brought into the 
buffer store at the entrance to the platers’ shed. Behind the 
blasting equipment there is a profile storage yard, profiles 
will also be shot-blasted and provision will be made for 
painting after shot-blasting 

The platers’ shed, which has a floor area of about 26,000 
yards, is divided into four transverse bays for plate opera 
The majority of 
deck 
house plates, will be sheared. Plates which do not require any 
further working will be brought the roller way, directly 


into the buffer store at the entrance to either the welding shop 


Sq 
tions and one longitudinal bay for profiles 
the thick plating will be gas cut and the thinner, e.g 
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Arendal shipyard 


or the assembly hall. Among the machine equipment in the 
platers’ shed is a 2,000-ton bending roller, where the plates 
will be handled mechanically on hydraulically operated tables 
and electric hoist blocks, situated on a bridge 
the roller. It may mentioned that 
earmarked for possible future manufacture of plastic or rein 


crane above 


also be a place has been 
forced plastic parts 

The welding shop ts divided into two sections, one intended 
for welding of smaller items and the other for deckhouses 
A great deal of the welding work will be carried out 
matically. Small items will be grouped in their 
in front hall whilst tt 


sections are brought directly 


auto 
appropriate 
1 deck 
docks 


for the plates is led underground between the 


units of the assembly 1e finishec 


house into the building 
The roller way 
welding shop and assembly hall to prevent any interference 


with other essential services 


The assembly hall with the two connecting docks is unique 
to Arendal. It is divided into two 40-yard wide sub-l 
the first is a big welding shop and in the second, the different 


sections will be 


Fig. 51 shows the assembly hall in the middle background 
at the head of the building docks and in the foreground the 
equipment hall in course of erection. On the extreme left can 
also be seen the welding shop and a part of the buffer storage 
space behind the assembly hall. The crane equipment in the 
hall nearest the dock consists of two 150-ton traverses work 
ing on an upper track and two 1[5-ton magnet traverses on a 
track below, while the other hall has two 80-ton traverses on 
an upper track with two 15-ton magnet traverses below 

The two building docks, each designed to accommodate 
vessels Of up to 140,000 tons deadweight, have a length of 
365 yards, width 50 yards and depth of 11 yards and extend 
about 33 yards into the assembly hall. The sections will there- 
fore always be assembled under cover. The large openings in 
the assembly hall front facing the docks can be closed, as a 
bellow system has been arranged which will close tightly 
around the varying shaped sections. 

Fig. 52 gives a view of the assembly hall opening on to the 
docks. The platform immediately above the dock floor level 
will be used as a pipe storage space. In the pier between the 
docks there are storage spaces for staging, insulating materials. 


etc 


The hull sections will be built in standard lengths; begin 
ning with the stern section. As each section, corresponding 
to about 16 yards of the ship’s length, is finished the hull will 
be hydraulically pushed out that length into the dock on 
special sliding planes. 

Sidelights, heating pipes and so on, will be fitted whilst the 
sections are being assembled and these items are laid up in 
containers in the pipe store which can be seen in Fig. 52. When 
sufficient of the hull is finished, the main engines will be 
installed and the outfitting will go on while the other sections 
are being assembled. This means that, when the stern section 
leaves the assembly hall, the ship will be ready for delivery 
not more than two weeks later. In order to fully utilise the 
shipyard capacity when building smaller ships, the building 
docks have been made wide enough to accommodate two 
tankers of 20,000 tons deadweight, side by side, so that work 
on the two vessels may be carried out simultaneously. The 
crane equipment at the docks which can be seen in Fig. 50 
consists of four cranes, two on the pier with a working load 
of 200 tons each and the two others have a working load of 
35 tons each. Finally, it may be mentioned that the new ship 
yard will cost about 12:5 million pounds 


? 


a 
i 
FI 
d 
id 
i 
\ 


Fic. 53 


The two building docks of the Arendal shipyard. The concrete strips in the bottom of the docks form the base for the 
sliding planes on which the hull will be moved out from the assembly hall. 
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Void space 


Void space 


Length 337° 0” 
Breadth 64’ 0” 
Depth 19° 6” 


Tipping tank 


Fic. 54 
Haida Carrier. Typical section looking aft. 


Mr. F. S. MCKINLAY (Montreal) 


SELF-TIPPING LOG BARGES OF 
BRITISH COLUMBIA 
INTRODUCTION 

Trees are the major wealth upon which the economical 
stability of British Columbia depends. Temperate weather 
conditions on the coast of the Province in association with 
heavy rainfalls produce large-size primary Douglas fir, cedar, 
spruce and hemlock and the greater part of this forest wealth 
is situated along the coastal regions of the mainland, Van- 
couver Island and Queen Charlotte Islands. Consequently 
logging camps are never far from salt water which is the 
universal medium in transporting the raw material to feed the 
sawmills, plywood, pulp and paper mills and ancillary indus- 
tries now dependent on this bounty of nature. Thus sea trans- 
porting of logs from logging camps to populated processing 
areas mainly around Vancouver and Victoria is a vital link 
in the transmutation of this wealth. 

The most recent development in the industry is the unique 
self-loading and self-tipping log-carrying barges which have 
no counterpart in ship design. Their unusual features put 
them in a class by themselves and should be of interest to the 
staff. 


DEVELOPMENT 


A number of methods have been employed in moving logs, 
from rather primitive rafts to the present specially designed 
steel barges. Pioneering enterprise controlled the early growth 
of the industry and was wasteful of an abundant commodity. 

In sheltered waters use was and is yet made of flat 
rectangular rafts or booms which are bounded by a series of 
logs called “boom sticks” and held together transversely by 
“swifters” with logs free to float within the boundary and 
under the swifters. These rafts which can be towed at about 
1 to 14 knots, are liable the disintegrate in moderately rough 
weather and can be weather-bound for up to a month. The 
coastal areas of British Columbia are severely indented and 
studded with islands, providing almost continuously sheltered 
waters extending north to Alaska and boom rafts can be used 
with limited satisfaction and a great deal of waste. 

The slow tug-towed Davis craft was developed to overcome 
rougher conditions in more exposed waters. These rafts can 
be 25 ft. deep and 75 ft. wide, made up of chain-bound logs 
lying fore and aft with ends overlapped, making a cigar- 
shaped vessel of up to 300 ft. in length which could be towed 
at around two knots. Many of the logs are submerged and 
when sheltering for prolonged periods in bad weather 
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Haida Carrier before launching. 


“sinkers” (water-logged timbers) and teredos (ship worms) 
can run losses to as high as 40 per cent. Complete disintegra- 
tion, reflected in high insurance premiums, was always a 
distinct possibility with many logs being lost to the Pacific 
and tedious retrieving becoming necessary. The Davis raft 
was built log by log in large cradles in an attempt to intro- 
duce longitudinal stiffness and rigidity making the operation 
slow and at destination point releasing lashing was also time 
consuming as well as dangerous. This type of raft which was 
popular until the self-tippers appeared is now seldom built. 

Old iron and steel sailing ships with the decks and bulk- 
heads removed leaving a hollow hull have been used in the 
past. They made inexpensive carriers but were relatively un- 
seaworthy and required log-by-log loading for reasonable 
stowage although speed of tow was increased to 5 or 6 knots. 
With an economical load, stability was poor, steering difficult 
under tow and unloading again time consuming. 

After World War II landing craft became available and 
conversion for carrying logs laid fore and aft on deck between 
high hollow bulwarks was carried out on four vessels. Again 
loading and unloading were slow and all in all the experiment 
did not provide the desired results. After a short period the 
vessels Were removed from this service. 

In 1954 two steel self-tipping barges were specially designed 
and built with tipping tanks on one side and by the simple 
Operation of Opening gate valves on a sea box at bow and 
stern the ships are made to list sufficiently to shed their loads 
and right themselves automatically. This was the first time this 
principle was used in the trade, although it had previously 
been known in connection with dredging operations. This 
mode of unloading reduced the time of 7 to 10 days required 
to break up the Davis raft to some 30 minutes required to tip 
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and in addition the time taken from the west coast of 
Vancouver Island was reduced to one third with almost com- 
plete elimination of loss due to salt water immersion. These 
barges have a deadweight of 6,300 long tons and in favour- 
able conditions can be loaded to a height of 32 ft. in two 
days by a few men with the assistance of a floating crane. The 
large Davis raft had an estimated displacement of about 7,000 
long tons depending on moisture content of the logs and could 
take 18 men two weeks to assemble. The fate of the Davis 
raft was inevitable. 

Subsequent to this epoch-making design some shallow 
draught tankers were converted to self-tippers and side-tipping 
tanks were incorporated in all new construction making the 
present total of 17 self-unloaders now in service. The names 
and principal particulars of these given in 
Appendix A. 

In the quest for greater efficiency two tipping barges were 
fitted with two cranes on one side of the deck to facilitate 
loading. Loading at logging camps varies, some having equip- 
ment for building logs on deck to a height of over 30 ft. 
whilst others border on the primitive. Having suitable cranes 
aboard makes barges independent of shore equipment and 
permits loading direct from log ponds with the greatest advan- 
tage being in the ability of the vessels to enter out-of-the-way 
bays and inlets on the coast and load themselves. 

The overall development of this mode of transport shows 
progressive reduction in waste with improved economy and 
indicates that the operational time factor has been progres- 
sively and successfully attacked to obtain optimum efficiency. 
Possibly the ultimate is some way off in the future, but with 
self-loading and self-tipping the industry has moved a long 
way from the boom raft 
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Launch of the Forest Prince. 
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Forest Prince commencing to tip cargo of logs 


rs 


GENERAL CHARACTERISTICS 


The modern tipping barges are non-propelled single-deck 
pontoons having two longitudinal and five transverse bulk- 
heads and are longitudinally framed throughout with trans- 
verses spaced 8 to 10 ft. apart. There is a relatively high but 
short forecastle within which access to spaces below the main 
deck is provided. They are of all-welded steel construction 
with rounded deck edge at sheerstrake to facilitate unshipping 
logs and a double chined bilge for ease in fabrication. A 
typical outline midship section is shown in Fig. 54. 

Three log buttresses are embodied in the aft end bulkhead 
of the forecastle and three are built at the after end of the 
barge. These prevent logs rolling off the ends and are of sub- 
stantial box construction securely rooted in the structure. 
Some barges, however, are fitted with single buttresses extend- 
ing across the deck. Between these two sets of cargo supports 
which are from 20 to 24 ft. in height the deck is flush, has 
no sheer, no camber and no openings. 

Fig. 55 shows the Haida Carrier before launching and before 
loading cranes were fitted, while Fig. 56 shows the Forest 
Prince at the moment of becoming waterborne. The salient 
features of the external arrangements of this type of design 
are conspicuous in these photographs. The guard rails around 
the deck are for safety during construction and are removed 
before the barges go into service. 

Some of the practices in ship design and operation peculiar 
to this trade are firmly established and have proved their 
worth, yet are contrary to the usual concept of what should 
constitute acceptable practice. 


AUTOMATIC TIPPING AND RIGHTING 


Four ballast tanks are normally fitted in the length of one 
side, either port or starboard and the bottom of these tanks 


is a foot or so above the light draught. The remaining under- 
deck space consists of void compartments. A sea chest is 
situated at the keel in the fore peak under the forecastle space 
from which the chest is controlled by extended spindle. A 
14-in. manifold also controlled from the forecastle space is 
led from the sea chest to feed one 10-in. pipe to each of the 
four ballast tanks and although there are variations of these 
arrangements the foregoing illustrates the general picture. 

In the loaded condition the bottom of the tanks is some 
7 ft. to 10 ft. below the load line and when the controlling 
valves are Opened the tanks commence to fill under the pres- 
sure of this head. As they fill the ship lists until an angle of 
40° to 45° is reached and the deck edge is submerged with 
overhanging logs becoming water-borne thus launching the 
cargo down the sloping deck. Fig. 57 shows the aft end of the 
Forest Prince commencing to tip with the tug all but con- 
cealed by her load and Fig. 58 shows the final act of separa- 
tion. When the logs are jettisoned displacement is of course 
reduced and the barge, on recovering from the enormous 
combined sideways push and vertical lift inflicted upon her, 
rocks to a standstill at a reduced draught but with a decided 
list. It is essential in this condition that the level of the water 
in the side tanks is above the outside level for the emptying 
process to commence. As emptying proceeds the list corrects 
itself and since the bottom of the tanks is above the light 
water line complete drainage is accomplished with the barge 
eventually settling to an upright position. 

Opening of the sea valves is done by a crew member of the 
tug in charge of operations and during tipping there is no 
personnel aboard. Ready access to the forward deck is 
provided by the permanent shipside ladder clearly seen at the 
aft end of the forecastle in Figs. 55 and 56. The tug at no time 
disengages from its tow and immediately the logs and barge 
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Forest Prince discharging her cargo. 
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part company, commences on the return journey for more 
logs with the barge righting itself whilst under way. The sea 
valves are closed on arrival and before loading. 

Stripping lines are fitted to the void spaces and pumping 
can be carried out by portable pump whether the vessel is 
light or loaded, but in some cases the attendant tug performs 
this duty. 

LOAD!NG CRANES 

Two ships are fitted with self-loading equipment. The first 
was pioneered by the owners of the Forest Prince, completed 
in August, 1960, and proved the advantages of this type of 
loading. The second ship, the Haida Carrier, built in 1961, had 
two cranes fitted during the winter of 1961/62 after being in 
service for six months and by embodying the lessons learned 
from the first ship she is expected to be more effective and 
efficient in operation. The cranes are fitted on top of 36 ft. 
high towers on the starboard side in line with the longitudinal 
bulkhead and are powered by 320 h.p. diesel engines giving 
lifting capacities of about 45 tons when the boom is upright, 
to nine tons at the maximum outreach of 90 ft. From 10 per 
cent to 12 per cent of the cargo deadweight is lost to the space 
occupied by the towers. 

Numerous safety features are incorporated including a 
three-fold system to safeguard against overload which may 
be misjudged by the operator when picking up heavy logs. 
Amber and red lights flash at 10 per cent and 20 per cent 
overloads respectively and at 30 per cent overload brake 
automatically locks the crane and a horn sounds. If this latter 
stage should be reached the brake mechanism can only be 
released by lowering the load. 

On completion of loading the operator can descend. from 
his cabin through the inside of the tower to below the deck 
and then inside the hull to the bow or stern. This eliminates 
the dangers of having to go out on the deck or climb over 
the logs. 

A 20 ft. boom or ‘dozer boat is carried in chocks at the aft 
end behind the aft buttresses. Such a boat is seen in Figs. 55, 
56 and 57. The ‘dozer boat is lifted into the water by the after 
crane and is employed during loading to push logs to within 
reach of the cranes. This small craft speeds up operations 
immensely particularly in secluded places where little or no 
loading equipment is available. 


APPLICATION OF CANADA SHIPPING ACT 

The modern log barge is non-propelled and un-manned. 

Chapter 29, Section 429 of the Canada Shipping Act defines 
the application of load line provisions for vessels employed 
“on voyages from any place in Canada to any other place in 
Canada” and sub-section (5) of Section 429 states, “This 
section does not apply to scows and barges that are not self- 
propelled and do not carry passengers or crew”. In effect, 
for Operation in treaty waters of Canada on the west coast 
the log barges do not require a load line nor is there any 
mandatory standard of strength. 

The evolution of standards which provide safe and 
economical operation must be credited jointly to the operators 
who continue in business and prosper and to builders and 
marine surveyors who contribute their technical skill. It 
should be explained that the marine surveyors of Western 
Canada act on behalf of the underwriters and are their repre- 
sentatives in all matters pertaining to loading and the opera- 
tional safety of barge and cargo. 

For classification purposes, therefore, the Society must to a 
large extent go along with established good practice and act 


in an advisory capacity contributing from our extensive pool 
of knowledge whilst encouraging the introduction of intrinsic 
improvement. Any attempt at applying irrelevant and non- 
applicable statutory requirements will not be tolerated in this 
trade. 

For voyages in open waters from Queen Charlotte Islands 
and the west coast of Vancouver Island and for international 
voyages from west coast ports of the United States, vessels 
are required to be marked with load lines computed in 
accordance with the Canadian General Load Line Rules and 
these comply with the International Load Line Convention. 
This requirement of course limits draught to that correspond- 
ing to the minimum geometrical frecboard in association with 
a statutory standard of strength. Certain relaxations in condi- 
tions of assignment have however been agreed to by the 
Canadian and U.S. Authorities. 


FREEBOARD 

The efficiency and economics of operating “unmarked” 
barges in sheltered waters has developed the use of sub-normal 
freeboards. Draughts in excess of those which could be 
granted under the load line regulations are commonplace. 
Loading and height of cargo, stability, jist and trim are the 
decisive criteria whilst reasonably successful operation with 
these draughts is firmly established to the satisfaction of the 
underwriters. 

Within treaty waters therefore freeboard is determined by 
height of cargo and stability, linked to experience which 
includes the underwriters’ surveyors being satisfied with the 
“appearance” of the load. 

For voyages where load lines are required, the draughts 
corresponding to the minimum freeboard are less than are 
applied under the established code of practice. In the first 
four years after the inception of the self-tippers in 1954 eight 
premature dumpings occurred of which complete recovering 
of logs was effected in only three cases and enthusiasm for 
the new mode of transport waned with no barges being built 
in 1958. The financial loss to interested parties was over one 
third of a million dollars involving three million board feet 
or about 12,500 long tons of timber. As a result of these 
losses a code of recommendations for loading and inspection 
was devised by the Marine Surveyors of Western Canada in 
collaboration with the operators, shipbuilders and under- 
writers. The code considerably reduced the element of risk 
and gave renewed impetus and confidence to the trade. Load- 
ing is carried out by logging personnel, so by necessity the 
code is simple to apply and within practical limits is adhered 
to by the operators. The latest code of loading recommenda- 
tions is reproduced in Appendix B. 

The shipbuilder supplies a loading scale with each barge 
and this scale gives maximum heights of cargo in association 
with suitable stability and corresponding draughts and dead- 
weights. Weight per cubic foot of stowage space varies con- 
siderably with species and moisture content and homogeneity 
cannot be obtained in the cargo. Therefore, without disrespect 
for the able assistance the builders contribute to the industry, 
the loading scales can be little more than intelligent estimates. 
However, with this information maximum draughts are deter- 
mined and recommended by the marine surveyors for the 
individual barges and these are given in Column d, in 
Appendix A. Column d, is the maximum draught correspond- 
ing to the geometrical summer freeboard and it will be noted 
d, exceeds d. in every case. 


In an effort to mitigate differences special load lines 
assigned under Part X of the Load Line Rules are being 
applied under certain conditions. They apply to non-propelled 
barges over 300 ft. in length having a forecastle of at least 
‘07 L and not less than standard height. Having regard to the 
degree of subdivision possessed by these ships and the invul- 
nerability afforded against the sea, freeboards are computed 
as for tankers in accordance with Part IX subject to the 
access hatchway on the forecastle being closed by a steel 
watertight cover. The Canadian Board of Steamship Inspec- 
tion, in agreement with the United States Coast Guard, 
accepts these special cases. There is of course the problem of 
the exposed cargo being unshipped by heavy seas but this 
eventuality seldom materialises, probably because operators 
were attuned in the past to having weather-bound cargoes 
sheltering in creeks and take similar precautions with their 
steel barges. 

The Board of Steamship Inspection and the United States 
Coast Guard both agree to the omission of bulwarks or guard 
rails and lifelines in non-propelled barges engaged in the 
carriage of logs and do not carry crews. Except for the 
buttresses fitted at the ends of the barges no means are 
provided to secure the cargo in position other than its natural 
weight. 

SCANTLINGS 

These barges are severely handled by the loggers and 
robustness is the keynote to scantlings particularly on the 
deck. The Haida Carrier has had a log drop through her 
deck making a hole of approximately 5 ft. x 4 ft. Extensive 
grounding damages are also sustained and although vessels 
may be holed they will remain afloat by virtue of the air 
trapped underdeck. 

The side and bottom shell comply with the cargo ship rules 
while the internal primary and secondary members can on the 
whole be derived from the new tanker rules which fit 
exceedingly well with established practice. The deck plating 
is usually } in. in thickness to limit damage by cargo and 
having no openings in the deck the area is in excess of the 
Rules. The deck longitudinals are made equal in scantlings 
to those on the bottom and also provide an excess of area 
which, together with the deck plating, gives a reasonable 
moment of inertia of midship section to combat deflection. 
Due to the high length to depth ratio deflection is the decisive 
factor in scantlings of longitudinal material. 

The barges have no machinery and do not carry stores or 
liquids and in the light condition float with almost no trim 
and no list. The cargo covers about 90 per cent of the length 
of the ship and within reasonable limits is uniformly loaded 
while the block coefficient is *87 to 90. The mean LCG and 
mean LCB would appear to be nearly equal giving a low still 
water stress. It is also reasonable to suppose the loaded vessels 
are not subjected to waves of the magnitude of the Society’s 
standard wave, otherwise the cargo would assuredly be lost, 
and in addition the modulus of section is in excess of a “Rule” 
ship of the same length. Thus the total stress experienced in 
service must be of a satisfactory low magnitude and longi- 
tudinal stress calculations are therefore not made for these 
barges. 

The dimensions of the ship and in particular the depth, are 
governed by height of cargo to give the desired deadweight 
in association with sufficient stability and builders and 
owners have found that ships around 300 ft. in length operate 
best with a minimum G.M. of about 4 ft. 0 in. The problem 
of stability is of course outside the Society's responsibility. 
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but nevertheless this has a direct bearing on the shallowness 
of the ships because the entire cargo is carried above the 
deck. With a deep ship, stability is so reduced as to be unsafe 
before a reasonable height of cargo can be loaded, and so the 
tendency is towards shallow ships from which arises the 
major problem of obtaining sufficient draught under the 
present regulations where load lines are required. 


ANCHOR AND CABLE EQUIPMENT 

By reason of their particular purpose and service normal 
anchor and cable equipment for these log-tipping barges has 
been considered unnecessary and in accordance with B 202 of 
the Rules the figure 1 is not assigned to the characters of 
classification. The sufficiency and efficiency of the equipment 
fitted on the vessel has been evolved by the owners and 
underwriters to their mutual satisfaction from their experi- 
ence of local conditions. 

All the classed ships and those with the Society’s Load Line 
have one anchor with from 120 to 150 fathoms of stud link 
cable. This equipment is equivalent to or better than two 
grades down on Table 53 at the Rule numeral for weight of 
one anchor and size of cable, with the length of cable being 
at least half the tabulated length. Tentative enquiries were 
made with a view to determining a standard of equipment 
which would permit the figure | to be recommended for inclu- 
sion in the character of classification, but these overtures were 
shunned by the industry which prefers the present arrange- 
ment wherein latitude is a predominant feature. 

The /sland Pine which is neither classed nor has load lines 
assigned operates without ground tackle although it is fair to 
say she is technically restricted to territorial waters in the 
absence of statutory load lines. 


EPILOGUE 


The first log-tipping barge was the Powell No. J, now 
re-named Alberni Carrier, and the first cargo was tipped on 
16th November, 1954. At that time Burrard Dry Dock News 
published an eye-witness account of this unique occasion and 
the following is extracted verbatim : — 

“The sight of the huge barge, loaded to the full width of 
her deck and almost her full length to approximately 30 ft. in 
height, was very impressive. Many of the logs were over 5 ft. 
in diameter. 

“The S. D. Brooks—one of Powell River’s largest tugs— 
drew the barge away from her berth alongside a boom of logs 
and placed her in position to dump towards shore. 

“As most of you probably know, there are special flooding 
tanks located along the port side of the barge. These tanks 
are controlled by valves located at the bow and stern. 

“At a prearranged signal, given by the Brooks, the men 
previously placed aboard opened the valves and quickly dis- 
embarked via a water-taxi. 

“Almost immediately the effect could be seen. Slowly at first, 
and then at increasing speed, the barge listed to port. Seven 
minutes after the valves had been opened the port deck edge 
was lapping with water. 

“Suddenly someone shouted, “There she goes’-—and, indeed, 
she went. The barge heeled away over with her starboard side 
right out of the water, and the entire load with a rumbling 
roar plunged into the bay and carried ashore. The barge 
jumped approximately 50 ft. in the opposite direction and 
then settled back, with a 2 ft. to 3 ft. list. The special flooding 
tanks being located above the light load line drained them- 
selves in about 20 minutes, leaving the vessel trim and again 
ready for sea.” 
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APPENDIX A 


SELF-TIPPING LOG BARGES IN SERVICE ON B.C. COAST 


d, L.R. L.L. 


NAME BUILT MOULDED DIMENSIONS L/D d, CLASSED ASSIGNED REMARKS 
ALBERNI CARRIER ee’ Be 10/1954 336’ 8” x 63’ 0” x 19’ 6 17-27 14’ 0” 13° 7se Yes (a) No First Self-Tipping Barge 
POWELL CARRIER ees 1/1955 336’ 8” x 63’ 0" x 19 6 17-27 14’ 0” fat age Yes (a) | No 
STRAITS COLD DECKER v2 4/1957 280’ 0” x 60’ 0” x 16’ 6 16-97 12’ 0” 11’ 104 Yes(b) Yes 
STRAITS WATER SKIDDER _.... 5/1957 280’ 0” x 60’ 0” x 16’ 6 16-97 12’ 0” 11’ 104” Yes (b) Yes 
CROWN ZELLERBACH No. 5 ... 8/1957 280’ 0” x 60’ 0” x 16’ 6 16-97 12’ 0” 11’ 104” Yes(c) Yes 
CROWN ZELLERBACH No. 6 ... 8/1957 280’ 0” x 60’ 0” x 16’ 6 16-97 [320% 11’ 10)” Yes(c) Yes 
V. T. No. 65 . 2s = 7/1959 195’ 0” x 52’ 0" x 14’ 6 13-45 11/0" 10’ 103” No Yes (e) 
ISLAND PINE .., ... S. 11/1959 220’ 0” x 54’ 0” x 14’ 6 15-17 11’ 6” 1Ouegae No No 
FOREST PRINCE ... ... —... 8/1960 299’ 4” x 60’ 0” x17’ 0 17-61 12’ 6” rg igre gs Yes (d) Yes Bie Mare eis walt ate es 
HAIDA CARRIER ... ate 4 5/1961 337’ 0” x 64’ 0” x 19’ 6 17-28 14’ 0” 12’ 10” Yes(d) No ve set A be at SES Elon, 
RAYONIER No. | ... 5 = Bs 8/1961 310’ 0” x 62’ 0” x17’ 0 18:24 1275? 11193 Yes(d) ‘Yes Special fbds. under Pt. X of LLL. 
RAVONIER’ Nos2.45 0 ts © bese 11/1961 310’ 0” x 62’ 0” x17’ 0 18-24 12/9” 11” 9x Yes (d) | Yes Rules 
CONVERTED TANKERS 
NAME BUILT MOULDED DIMENSIONS L/D d; d> CLASSED fanaa REMARKS 
ISLAND BALSAM ... ... __... 1929 325’ 0” x 55’ 0" x 16’ 0” 20-31 12’ 0” 10’ 4 No No Converted 1955 
ISLAND CYPRESS 32 7 224... 1929 325’ 0” x 55’ 0” x 16’ 0” 20-31 12 0° 10’ 4 No Yes (f) ae Dec 
ISLAND MAPLE ... ... _... 1929 325’ 0” x 55’ 0” x 16’ 0” 20-31 12’ 0” 10° 4 No No FS 
ISLAND FIR. a oe 1925 305’ 0” x 50’ 2” x 15’ 0” 20-33 ila 10° 3 No Yes (f) a /May 
ISLAND HEMLOCK __... Ef 1924 305’ 0” x 50’ 2” x 15’ 0” 20-33 10" 10° 3 No Yes (f) i /Mar. 
DRAUGHTS 


d,; Maximum loaded draught recommended under code of loading prepared by Marine Surveyors of Western Canada. 
d. Extreme draught measured from underside of keel corresponding to geometrical summer freeboard computed in accordance with 
International Load Line Rules. 


CHARACTER OF CLASSIFICATION AND CLASS NOTATION 
(a) 100A for service between Queen Charlotte Islands, W. Coast Vancouver Island, Powell River and Puget Sound. 
(b) 100A British Columbia Coasting Service including West Coast of Vancouver Island and Queen Charlotie Islands. 
(c) 100A Coasting Service between Cape Spencer and California including Queen Charlotte Islands. 
(d) 100A Coasting Service between Cape Spencer and Portland, Oregon. 


Service Limits 
(e) Pacific Coast of North America southwards from the Gulf of Alaska. 
(f) Pacific Coast of U.S.A. and British Columbia including West Coast of Vancouver Island. 


APPENDIX B 


LOADING RECOMMENDATIONS 


PREPARED BY MARINE SURVEYORS OF WESTERN CANADA, VANCOUVER, B.C. 


1. On arrival of empty barge at loading berth and before 
commencement of loading : — 

(a) Master of tug shall have all compartments sounded and 
pumped dry if necessary and shall certify that the barge 
is dry. This record of soundings and draught readings 
shall also be certified to by a responsible employee of 
shipper. 

(b) Where a light barge is left at a loading point for a period 
of more than six days before loading, the barge must 
again be sounded before loading commences. Where a 
tug is not in attendance, sounding to be carried out by 
loading crew and certified to this effect. 

(c) If greater list than normal is noted in any barge, loading 
should not be started until ascertaining cause of list and 
corrective measures effected if necessary. 

(d) Flooding valves shall be checked and certified to be in 
proper closed position for loading. 

(ec) Draught marks on barge to be kept clearly painted in 
order to ensure accurate readings. 

2. Mean height of load and mean draught of barge when 
loading shall be controlled in such a manner as to provide 
proper stability of barge for intended voyage. This can best be 
achieved by close adherence to the builders’ loading scale 
and to procedures outlined hereunder. 


Note: The loading of barge shall cease when the maximum 
mean height of load or the maximum mean draught 
according to builders’ loading scale is reached, which- 
ever occurs first. 

(a) Lower portion of load must extend full barge breadth, 
subject to the following tolerances : — 

(b) Overhang is not to exceed 15 ft. on either side. However, 
not exceeding 5 per cent of the total number of logs in 
this portion of the load may overhang to an absolute 
maximum length of 20 ft. on either side. 

(c) Short logs: These should be kept to an absolute mini- 
mum, but if in the lower portion of the load, logs to be 
selected and butted across deck in at least the two lower 
tiers up to a height of from 3 ft. to 12 ft. Large holes 
and voids will not be tolerated. 

(d) It will be appreciated that this will vary with the particu- 
lar species being loaded, i.e.: — 

Hemlock and Balsam: One to two lower tiers, approxi- 
mately 3 ft. to 5 ft. high. 

Fir: Depending on size, two to four 
lower tiers, approximately 6 ft. 
to 8 ft. high. 


ACKNOWLEDGMENTS 


Spruce and Cedar: Three to four tiers approxi- 
mately 8 ft. to 12 ft. high. 
Nore: Cedar not to be butted higher than 10 ft. due to 
possible difficulty in discharging load. 

(e) This recommendation is made on the basis that in the 
case of light-weight logs, such as cedar, maximum 
amount of load will be on board with a low height. A 
solid consistent overhang with no voids will then give 
vessel more draught and at the same time good stability 
in heavy seas. 

(f) It is recommended that large, heavy, wet logs should 
never be placed in crowning tier. 

3. When more than one species is to be loaded, such as 
camp-run logs, heavier or longer logs are to be placed on 
deck first, up to heights as recommended above, in order to 
form a heavy base. Lighter species to be always loaded above. 

4. Where piling or timber sticks in excess of 80 ft. are 
to be loaded, it is recommended that they be placed approxi- 
mately mid-height of load, care being taken to centre them 
across barge. These extra logs should never be placed on deck 
or on crowning tier. 

5. Butt logs must be staggered evenly over port and star- 
board sides in order to maintain uniformity in height of load. 

6. Logs must be loaded as straight as possible across 
barge and must not be allowed to become criss-crossed. This 
procedure to be adhered to throughout entire load. 

7. During course of loading. trim of barge should be kept 
fairly even, that is, barge should not be permitted to trim an 
excessive amount by head or by stern, in order to avoid 
setting up undue stresses in barge structure. 

8. As far as possible, barge must be maintained upright 
without list throughout loadings. Loaded barge must be with- 
out list prior to sailing. 

9. Loads must be flat as possible on crowning tier in 
order to avoid excessive hollows, which may permit shifting 
of logs from high spots when barge is in motion. 

10. On completion of loading and prior to acceptance by 
tug, ten to twelve measurements of height of the load shall 
be taken in order to ensure that the mean height can be 
determined and a profile of the load recorded. Loaded 
draught, fore and aft, port and starboard sides, also to be 
recorded, together with freeboard port and starboard, forward, 
midships, and aft. 

11. For maximum mean heights of loads and maximum 
mean draughts of barges, see individual barge particulars. 


The Author wishes to express his thanks to Messrs. Yarrows 
Limited, Esquimalt, B.C., for permission to publish the photo- 
graphs of the Forest Prince and Haida Carrier, and to grate- 
fully acknowledge the use of material from the paper, “Side- 
Tipping Log Barges”, by T. A. McLaren of Allied Builders 
Limited, presented to the Engineering Institution of Canada 
in 1961 and for the loading information prepared by F. W. 
Culbard, Marine Surveyor of Western Canada. 

The assistance of J. A. Stewart, the Society’s Surveyor in 
Vancouver, is also appreciated. 
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Fic. 59 
Midship section as a tanker. 


Fic. 60 
Midship section as a bulk carrier. 
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Fic. 61 
Lifting first section of tank top aboard. 


Mr. J. MCEACHERN (Newcastle) 


CONVERSION OF OIL TANKERS TO BULK CARRIERS 


Owing to the downward trend of oil tanker freights in 
recent years, coupled with the fact that supertankers appear to 
be superseding to a large extent the smaller ships, some 
owners have temporarily converted their tankers for the 
carriage of grain without any structural alterations whilst 
waiting for improved tanker freights. Others have “gone the 
whole hog” and converted their ships for the carriage of bulk 
cargo. Below is a brief description of two such conversions 
carried out on the Tyne. 


s 


\ 


Fic. 62 
Work in progress on the saddle ramps. 


These tankers, owned and managed by the Hunting Group 


of Newcastle, were built in 1952 and had the following 
particulars : — 
Tanker Bulk wis 
Length Breadth | Depth Dead Carrier Tanker B. Carrier 
B.P Mid. Mid Wweieht Dead- Draught Draught 
eight weight 
Duffield 480° 0" 67° 0" | 36’ 4” 14,890 13,410) 28’ 94” 27’ 34” 
Gretafield 496’ 0” 67’ 6” 36° 5” 16,500 14,605, 29’ 1” |27’ 4” 


The ships were redesigned with two holds forward of the 
bridge and two abaft the bridge served by four large hatches 


Fic. 63 


A completed cargo hold. 
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fitted with MacGregor hatch covers. In order to gain more 
cargo capacity in No. | hold, the forward deep tank was 
reduced in length and increased in height. 

A new double bottom tank with hopper sides, and a 
sloping tank under the upper deck was fitted in way of the 
cargo holds and scarphed well in to the bunkers at the after 
end to avoid sudden discontinuity. 

An interesting point in connection with the design of the 
sloping deck tanks was the fact that (together with other 
factors) owing to the slope of the tank being more than 30° 
to the horizontal, the ships were accepted by the Ministry of 
Transport for the carriage of grain cargoes without shifting 
boards. 

A riveted doubling 14 in. thick was fitted for half length 
amidships on the upper deck stringer which, together with the 
area of the sloping deck tank plating, compensated for the loss 
of deck area due to the large hatchways being cut. 

As the Special Survey was due on these ships, this was 
carried out prior to the commencement of conversion, as a 
result of which the deck longitudinals and transverses in the 
wing tanks were renewed, and the transverse bulkheads which 
were to remain were brought up to the required standard. 

The job was commenced by stripping the upper deck of 
fore and aft gangway, cargo pipe lines, masts, tank hatches, 
heating coils, and all the usual tanker fittings. Meanwhile, 
sights were erected on the keel and deck in order to keep any 
possible movement under observation. 

The next operation was the burning away of deck plating 
in way of hatches, tank internals, and longitudinal and trans- 
verse bulkheads, the bottoms of the bulkheads being retained 
as floors and longitudinal girders in the new double bottom. 

One of the problems the yard had to face up to at this 
time was “when does a tanker become a dry cargo ship?” 
Needless to say “tanker” was retained by the men on their 
time sheets as long as possible. 

Whilst dismantling was proceeding, prefabrication was 
commenced on the double bottom tank top including addi- 
tional partial transverses, sloping hopper sides, sloping deck 
tanks and new corrugated bulkheads between the cargo holds. 
Machine welding was used for the prefabricated sections, and 
so far as is known this is the first repair yard on the Tyne 
to be allowed to use machine welding. 

New steel ballast lines were fitted in the double bottom 
prior to fitting the inner bottom sections in place. With the 
inner bottom, hopper side, and sloping deck tanks being 
erected, the ships began to look something like bulk carriers. 

Extensive checking of the seam and butt welds, cross 
joints, etc., was carried out by gamma-ray machine, particular 
attention being paid to the change of section of the inner 
bottom at the after end of No. 4 hold. 

In order to make the ships independent of port facilities 
(or lack of them) they were fitted with new goal-post masts 
and derricks for taking loads up to 10 tons when necessary. 

By this time the first ship (Duffield) was well into the dry 
survey and testing stage, quite a bit of midnight not to men- 
tion early morning oil being burned in the process. As the 
majority of repair yards do not carry a large drawing office 
staff, many difficulties on the prototype ship had to be ironed 
out on the job using chalk and any convenient flat surface 
as a drawing board. 

One of the last, but most important jobs, was the fitting 
of the MacGregor hatch covers (made at South Bank and 
weighing about 100 tons), testing for opening and closing, and 
finally water testing. 


Some idea of the size of the hatches and holds can be 
gained from the photographs and sketches. 

It is understood from the owners that the Duffield, which 
was the first ship completed, has successfully carried cargoes 
of iron ore, logs, grain and phosphates. 

If conversion to bulk carriers is the answer to the small 
oil tanker problem, it is to be hoped other owners follow 
suit. 

Thanks are due to the owners for permission to print the 
photographs of the Duffield. 


Mr. W. N. D. HENCKEL (Newcastle) 


On 8th July, 1960, the turbine tanker Esso Portsmouth, 
owned by the Esso Petroleum Co. Ltd., London, arrived at 
the new oil refinery at Milford Haven, after a voyage from 
Kuwait with a full cargo of 32,000 tons of crude oil. 

In the early hours of the following day, whilst discharg- 
ing her cargo at the refinery jetty, a series of explosions took 
place and she burst into flames, causing extensive damage to 
the deck, shell and internal structure. 

An official enquiry has now been made and their findings 
stated that the cause of the casualty was oil spillage due to 
an unloading arm breaking under a strain substantially in 
excess of what it was intended to withstand, and ignition due 
to an electric heater on the jetty of the refinery, but, while 
this is of considerable interest, these can, I’m sure, be safely 
omitted from this paper, as this is mainly intended to explain 
the extent of the damage, and method of repair, with some 
of the pitfalls, which obviously and unfortunately arise in 
a repair job of this magnitude. However, everyone must of 
necessity gain knowledge by experience, and it is considered 
that this small contribution to the symposium will have been 
worthwhile, if it can help to alleviate the problems and 
dilemma of one other junior surveyor, who may at some time 
(and it is fervently hoped he will not) find himself having to 
cope with a similar situation in the future. 

A brief description of the extent and enormity of the 
damage done is of some interest and will also help clarify 
the agreed decision of the owners, builders, underwriters and 
Lloyd’s Register of Shipping to the method of repair being 
dealt with. 

The side shell plating, port, was buckled and bulged in 
varying degrees from a line about the poop front aft to the 
stem forward, and the side shell plating, starboard, from the 
vicinity of No. 7 wing tank aft to No. 2 wing tank forward, 
with maximum distortions up to 12 in. in way of Nos. 7 to 
2 tanks on both port and starboard sides. The upper deck 
plating subjected to intense heat and internal explosion forces 
from No. 10 to No. 2 tanks port and No. 6 to No. 2 star- 
board was generally set up over the three outboard strakes, 
being bulged up, a maximum of 2 ft. 6 in. on the port side 
immediately forward of the centrecastle—this midship bridge 
house being also completely burnt out and badly distorted. 
The upper deck was fractured in way of No. 2 tank, running 
diagonally forward through the stringer plate and adjacent 
strake, approximately 13 ft. 6 in. in length, and again through 
the adjacent forward stringer plate 3 ft. 0 in. in length, 
Fig. 64. Hatch coaming covers at Nos. 2, 3, 5 and 6 
cargo tanks on the starboard side and No. 3 and No. 6 cargo 
tanks port side had blown off and disappeared, the remainder 
showing signs of the intensity of the blaze by their distortions, 
and the fore and after gangways, deck piping and equipment 
also damaged beyond repair. Internally, the structure in the 


Fic. 64 


Upper deck, port side showing deformation, in way of 
forward tanks. 


tanks was severely damaged, affecting shell and deck longi- 
tudinals, with their transverse webs and girders, Fig. 65, 
after transverse and longitudinal bulkheads bulged, twisted 
and torn (e.g. No. 3 port and starboard and No. 6 starboard 
wing tank forward bulkheads were each completely sheared 
and blown forward into their adjacent forward wing tanks). 

Temporary repairs to fractures in the side shell by the 
fitting of welded doubling plates and reinforcement of dis- 
placed and missing bulkheads by fitting strong tubular 
transverse struts, also thistleband plastic patches to seal up the 
fractures in the deck, were carried out at Milford Haven to 
enable the vessel to proceed to a repair port. These temporary 
were carried out under the surveillance of the 
Society's Surveyors at Milford Haven and an interim certifi- 
cate was issued stating that the vessel was considered fit to 
be towed during moderate weather as a hulk to the River 
Tyne for permanent repairs. The towing arrangements are 
outside the jurisdiction of this certificate, but the main and 
auxiliary machinery should be available for emergency pur- 
poses only. The ship’s normal class of *KI00A1 Oil Tanker is 
suspended for this voyage. 

The vessel arrived in the River Tyne and was placed in 
the dry dock of Messrs. Swan, Hunter & Wigham Richardson, 
Ltd., Wallsend, where a detailed survey was carried out by 
the Newcastle Surveyors in close co-operation with the Under- 
writers’ Surveyors, and a fully comprehensive specification of 
the damage was drawn up. The approximate area and extent 
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Damage in way of No. 6 port cargo oil tank. 


of the damage is shown in Fig. 66. 

The vessel was carefully checked in the dry dock, bottom 
and side shell sights being taken with normal sight boards, 
and re-checked by theodolite for longitudinal alignment, the 
transverse alignment being ascertained by water level pipes 
and sight glasses in the cargo tanks at the bulkheads, as far 
as practicable, and the results being plotted, the following 
condition was established : — 

(a) Longitudinally, the bottom shell was generally sagged 
and set down, a maximum of 21% in. at the centre line 
(frame No. 88), 3 in. at frame 84 port, and 2 in. at 
frame 90, starboard, in way of the longitudinal bulkheads. 

(b) The centre line of the bottom keel plate was deflected 
to starboard 22 in., 24 in., 1} in. at frames 72, 80 and 
92 respectively. 

(c) The centre line of the upper deck was deflected a maxi- 
mum of | in. to starboard (frame 100) and } in. to port 
(frame 84). 

(d) The vessel, firmly sitting on the blocks, was slightly listed 
to port side, this, as will be noted later, being a most 
important factor in the final repairs. 


On completion of the initial survey the Esso Portsmouth 
was undocked, pending the decision of the owners and under- 
writers as to whether the vessel was financially repairable or 
to be written off as scrap, it being eventually decided the 
vessel was to be repaired. 
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FIG. 66 


Extent of major damage, port and starboard, of original vessel at first docking 


FIG. 67 


Vessel at second docking with stem positioned firmly to head of dry dock, and cut into three sections. 


The owners also decided to modify the vessel by the addi- 
tion of One more cargo tank space, lengthening the ship by 
40 ft., to discard the midship deckhouse, and re-arrange the 
after accommodation, having all the ship’s personnel housed 
at the after end. After due consideration it was decided that 
the midship body extending from No. 2 cargo tanks to 
original No. 6 cargo tanks port to starboard being extensively 
damaged and distorted, should be cut away as a complete 
unit, removed as scrap, and this portion to be newly recon 
structed, and was to include the additional tank space. This 
was the most expedient decision, and proved to be the most 
advantageous method, the only trouble experienced, which 
is not a criticism, being the allocation number of this new 
additional tank, as found in the later stages of the repairs, by 
workmen, repair staff and the writer, to cause some confusion 
in discussion, the original No. 6 becoming the new No. 7, etc., 
and while this is of a very elementary nature, it is strongly 

FiG. 68 advised that in similar operations all tank hatches should be 
Original vessel cut in three separate sections. boldly and clearly marked as to their new respective number, 
and will help alleviate many arduous climbs and unnecessary 
journeys. These hatches were marked in this particular case, 
after experiencing some early difficulties in correlating items 
under discussion, and proved to be worthwhile. 

The contract to carry out the repairs was awarded by the 
owners to Messrs. Vickers-Armstrongs Limited, who carried 
out the construction of the new mid-body section at their 
shipyard at Walker-on-Tyne, repairs and modifications to the 
after deckhouses, and final fitting out being dealt with at the 
Hebburn (Palmers) Yard—the shell repairs of both the 
forward and after-body sections, and final joining up being 
sub-contracted to Messrs. Swan, Hunter & Wigham 
Richardson, Ltd., Dry Docks, Wallsend-on-Tyne. 

The vessel was replaced in dry dock, Fig. 67, and having 
the proposed lengthening of the vessel in mind, was fitted 
with the stem hard to the head of dry dock, the centreline 
of the ship at the stem and stern being carefully lined up to 
coincide with the centreline of the dock, and securely shored 
in place. 

Fic. 69 The bottom, side shell, and deck plating was then 
marked off for the neat cutting positions in way of the 


Damaged midship body removed from dry dock. 
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Fic. 70 
After section afloat, after shell repairs completed, to enable midship body to be removed from dry dock and discarded as 


scrap. Midship body fitted with temporary watertight bulkheads at ends to enable safe floating. Forward section perforated 
at all bulkheads and free flooded throughout 
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Forward section firmly secured in position by shoring, and major shell repairs proceeding. Line of keel blocks sighted 
and adjusted. Blocks in way of new midship body fitted with 6 in. softwood cappings, and 3 in. hardwood cappings in way 


of after body section to facilitate lining up of the three sections at the bottom, 


original No. 2 and No. 6 tanks, the lines being pop marked 
in and clearly painted. 

With a view to speed, and expediting the job, rough 
cutting lines were marked, clear of the above anticipated 
neat line positions, and work was commenced by acetylene 
burning to remove portions of the upper deck, side shell, torn 
and displaced transverse bulkheads, longitudinal bulkheads, 
and bottom shell plating, in that order, eventually severing the 
ship into three separate sections, Fig. 68, with clear gaps 
between same to facilitate later safe and free floating, Fig. 69. 
The forward section was adequately shored from the dock 
bottom and sides, and all its bulkheads were perforated near 
to the bottom by cutting access manholes, 24 in. x 18 in. 
through to allow complete free flooding, and to prevent any 
movement of the section when the dry dock was to be flooded, 
Fig. 70. 

The badly damaged centre or mid-body section was placed 
in a floatable condition by fitting efficient temporary half 
height bulkheads at the ends, where the original bulkheads 
had been carried away by explosion. 

It should not be wrong to digress at this stage, to point 
out that this unwieldly section was being removed complete 
and sold as scrap, and presented a major problem in its dis- 
posal. It originally was to be towed to a continental port, for 
breaking up. 

This, however, would have necessitated much more exten- 
sive and costly repairs, including the sealing and _ testing 
of all tanks, with adequate pumping arrangements, venting, 
sounding arrangements, etc., fitted to overcome the objections 
of Harbour Authorities as a potential hazard, and allow its 
removal as a hulk. 

It is understood that this proved to be financially imprac- 
ticable and fortunately arrangements were made for its 
disposal locally, the minimum repairs in keeping with safety 
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FIG. 
Original vessel in dry dock showing deformation of ships centreline in relation to dock centreline. 
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being carried out in this case. 

The repairs to the side shell and deck plating of the after 
body section was of first priority and were expedited and 
progressed sufficiently to enable its safe removal, and to allow 
the floating out of the discarded mid-body, after flooding the 
dry dock. 

The dry dock was then pumped out, leaving the forward 
section in position, and the line of keel blocks were over- 
hauled and sighted true. The keel block cappings were 
renewed by 6 in. thick softwood in way of the mid-body 
position, and 3 in. hardwood, with 3 in. softwood above, in 
way of the after body section, it being considered this would 
facilitate the eventual lining up of the three sections, after 
initial compression of the block cappings by judicious ballast- 
ing of the tanks, and hardening up of the keel blocks, Fig. 71. 
The weight of the after body section was approximately 7,500 
tons, with an additional water ballast weight of 5,800 tons, 
for trimming purposes; the weight of the new mid-body 
section was approximately 3,000 tons, and the varying degree 
of compression on the blocks will be apparent. 

The position of the forward section was carefully checked, 
and was found to be listing slightly to the port side, 
ascertained to be 1} in., measured at a point 40 ft. vertically 
above the base, at the after finished cut position, also, that 
the centreline of this section at the keel was ? in. to the 
starboard side of the dock centreline. Sights were taken of 
the ship’s forward section centreline and projected aft to the 
dock gate and found to be 4% in. to the starboard side. A 
vertical line was marked on the dock gate from the base line, 
and corrected to allow for the known list to port, the centre- 
line of the vessel at the top of the dock gate being established 
as 3} in. to the starboard side of the dock centreline, Fig. 72. 

A steel pointer gauge was secured on a wood pad in this 
position on the top of the dock gate walkway, and being 
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housed in a steel tube, with securing thumbscrew, to allow VERTICAL 


vertical adjustment, a fixed position was obtained from the I} 
true centreline of the after end of the ship. The tip of the 1 | 
pointer gauge was so arranged to coniact the overhang of the by 
stern contour plate, and would give continual indication of 
the after body section centreline whilst floating until finally \ 
resting firmly on the keel blocks, Fig. 73. \ | 

The centreline of the ship was clearly marked on the ae 
stern contour plate by a painted broad white band so that it 
was easily seen when the stern of the ship was in the correct 
athwartship position, as indicated by the pointer. 

During this time, the new mid-body section was_ being 
constructed on the berth at Messrs. Vickers-Armstrongs, 0.A SHOES SECURED 
Walker Shipyard, under survey, tanks tested, and launched ia Been Berean my 

ire ts CEMENTED BOLTS, 
satisfactory on completion, Fig. 74. 

The extreme dimensions of the ship and the dry dock 


Dock BOTTOM. 


being verified, strong wood structures as shown in attached sf z x 
Fig. 75 were erected in the dry dock, in pre-determined posi- 5g i ads 
tions in way of bulkheads No. 104 and No. 84 of the mid- 38 Sd ps 
body and after body sections, respectively. im wwe 
Steel bulb angle stoppers were welded to the side shell ) aR he 


of these two sections, in way of bulkheads Nos. 104 and 84, 
and an angled allowance being made for their positions to 
correspond with the declivity of the dry dock base. 
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New midship body on berth prior to launching Arrangement of stopper structure 


FIG. 


Newly constructed midship body, and original after body placed 
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in the dry dock and carefully guided in to their pre 


determined positions, as dry dock is pumped out. 


The mid-body section was floated into the dry dock, 
closely followed by the after section, and each hauled into 
their respective positions by rope purchase tackle, Fig. 76, so 
that the shell plating lay firmly against the positioning struc- 
tures, and the shell stoppers bearing hard to their correspond- 
ing face plate brackets on the structures, Fig. 77. A strong 
horizontal wood shore of predetermined fixed length held the 
position at the aft end of the mid-body section in way of 
bulkhead No. 92, whilst the after end of the after section 


was manceuvred so that the centre line of the overhanging 


The floating sections, now close hauled to the desired 
longitudinal alignment, pumping operations were carefully 
proceeded with to empty the dry dock, to allow them to rest 
on the keel blocks. 

Due to its greater draught, the after-body section would 
rest on the keel blocks first, followed by the mid-body section, 
so the sequence of operations for manceuvring, side shoring, 
etc., naturally followed in that priority. 

At this time in the operation two small snags became 
apparent, and although they were immediately and efficiently 


Fic. 77 
View of shell stopper and positioning structure, with 
manceuvring tackle. 


stern contour corresponded with the steel pointer gauge on 
the dock gate in its fully extended position. The two sections 
were then carefully ballasted to obtain the slight but desired 
list to correspond with the fixed forward end section by 
arranging and placing weights on the deck, and running water 
into the side cargo tanks for final fine adjustment. 

Fixed sighting boards duly marked with the corrected 
vertical position, with corresponding plumb lines, were secured 
to the side shell plating, and gave a continual indication of 
the angle of list, and to any lateral movement, Fig. 78. 
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Fic. 78 
New midship section being placed in position in dry dock. 


dealt with and overcome, they may be worthy of noting. First, 
it was noticed that the steel bulb stopper fixed to the side shell 
of the after section bore down and rested on the top edge of 
the face plate bracket on the positioning structure, causing a 
slight tipping effect. It then became necessary to stop the 
pumping, run water back into the dry dock to allow the after 
section to float clear and with further slight manceuvring and 
the lowering of the water level, to obtain firm bearing contact 
of the stopper and face plate bracket vertical faces. It will 
now be apparent that the future remedy in similar operations 
will be to increase the length of the stopper down, or to 
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Three section aligned and joined together by normal building construction methods. 
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extend the face bracket plate upwards, to prevent any gap 
between their ends, when the portions of a vessel are floating 
in the dry dock at high water. 

Secondly, the position of the eyeplates welded to the shell 
for the manceuvring purchase blocks and tackle requires some 
attention, it being considered a slight improvement would be 
for these to be positioned at, or below, the level of the dock 
side. It was noted that the higher position adopted in this 
case caused slackening off of the purchases, Fig. 77, as 
the vessel was settling down to the blocks, with consequent 
heaving and manhandling of the ropes until they became level 
with dock side, when the desired tension in the ropes was then 
reached and maintained. 

On completion of pumping out the three sections now 
on the blocks in the dry dock, Fig. 79, with the side shell in 
alignment, the bottom shell was sighted and checked, the 
degree of compression at the blocks in way of the ends of 
each section was noted and the difference in their line up 
found to be + in. at the forward gap and 1+ in. at the after 
gap. 

By flooding of tanks and ballasting, the bottom shell at 
the ends of the sections were lined up, the keel blocks being 
adjusted and hardened up as necessary, until a satisfactory 
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Fic. 81 
Upper deck plating in way of after joining position. 


bottom line was obtained, and verified by sight boards and 
theodolite. 

The sections were now aligned, and the joining up opera- 
tion proceeded with, Fig. 80, commencing with the fitting of 
the keel plate, bottom shell plating, longitudinal bulkheads, 
side shell plating, and completed with the deck plating, similar 
to normal shipbuilding construction methods and welding 
sequences, Figs. 81, 82, 83, 84 and 85. 

The deck and shell longitudinals in way of the joining 
up positions were connected at the transverses by delta type 
through brackets, Fig. 86, the vertical keel and deck centre 
girders being replaced by large plates with face flats having 
their welded butts positioned clear of the existing shell and 
deck plating butts. 

To provide an adequate increase in modulus and inertia 
due to the length of the vessel being increased by 40 ft., new 
doubling straps were fitted on the upper deck and the bottom 
shell plating, port and starboard, Fig. 87. 

The straps at the upper deck of Grade D steel (P 5) 80 in. 
wide x 1| in. thick tapering to 42 in. x °75 in. at the ends 
were fitted in way of the stringer plate and adjacent F strake, 
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Upper deck plating at forward joining position. 
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Bottom and side shell plating in way of after joining position. Bottom and side shell plating at forward joining position. 
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TYPICAL OETA OF BUTT WELD PREPARATION 
Fic. 85 
Detail of typical butt weld preparation. 
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extending over the + L amidships, giving an additional plating 
area of 160 square inches. 

The straps at the bottom shell, also of Grade D steel 
(P 5) 73 in. x 1 in. thick and 67 in. x 1 in. thick were fitted 
in way of the C and D strakes respectively, port and star- 
board, each extending over the 4+ L amidships, giving an addi- 
tional plating area of 280 sq. in., and tapering to 42 in. x 
*75 in. thick at their ends. 

The straps were attached to the deck and shell by 1 in. 
diameter rivets spaced 4 in. apart at their edges, with 1 in. 
diameter rivets spaced 12 in—I5 in. apart elsewhere. 

The welded butts of the doubling straps were fitted with 
1 in. x 1/32 in. thick steel insert strip at the root of the 
prepared edges, to prevent the weld deposit penetrating 
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FIG. 86 through to the deck or shell plating in way, the welding of 
Detail of longitudinals in way of shell or deck showing these butts being completed, prior to the commencement of 
method of connection at the joining up position. the riveting. 


It is realised that the foregoing narrative does not cover 
the total extent of the work involved and carried out to com- 


meek; plete the repairs, but we trust that with the help of the 
80"« 1-O THK. DOUBLING PLATE FITTED 


To DECK PLATING PORT & STARBOARD accompanying sketches and photographs, a comprehensive 
ATTACHED BY I"DIA.RIVETS SPACED 4° picture of the major points has been attained. 
APART AT EDGES & |" DIA. RIVETS SPACED A continued check and record of the bottom shell sight- 


"w 15" APART, ELSEWHERE 4 


UPPER DECK PLATING AREA 14260' 
ADDITIONAL AREA a Isoo" 


ings were made during the period of repairs in dry dock 
which are too voluminous to be included here, but, in tribute 
to the ability of the local craftsmen, I append the first joining 
up and final sight readings. 


STATION 
First reading | 10” | 9§” 842” 83” | 73” | 8%” | 9§” | 10” 


Final reading 


Particulars of the vessel are as follows :— 


As original After repairs and modification 
Length O.A. 690 ft. 0 in. 730 ft. 0 in. 
Length B.P. 660 ft. 0 in. 700 ft. 0 in. 
Breadth 90 ft. 0 in. 90 ft. O in. 
Depth 47 ft. 0 in. 47 ft. 0 in. 
Deadweight 35,715 tons 37,670 tons 


am In conclusion, I should like to thank Esso Petroleum Co. 
73'x|"THK.OOUBLING PLATE 4/2 67"« I‘ THK. DOUBLING PLATE Ltd. for giving permission to write this paper, Messrs. Swan, 
EXTENDING OVER MOSH? /2L EXTENDING OVER MIDSHIP 2, Hunter & Wigham Richardson Ltd., Dry Docks Department, 
TAPERED AT ENOS, ATTACHED TAPERED ATENOS, ATTACHED Wallsend, for their unfailing assistance and generous co- 
TO SHELL PLATING BY |" O1A. TO SHELL PLATING BY I"DIA. operation during the repairs, and period of writing, also Mr. 
RIVETS SPACED 4" APART AT RIVETS SPACED 4"aparT at HH. P. Urwin at Newcastle Office, whose persuasive powers 
EDGES ANO |2"~ 15" ELSEWHERE - EDGES AND |2~ IS‘ELSewHERE and encouragement caused this paper into being. 
FIG. 87 eerrae eS. yer 
Midship section showing location of shell and deck doublings If this be error, and upon me proved, I never writ, nor 
fitted for longitudinal strength due to lengthening of vessel  ™an ever loved. 
by 40 ft. (With apologies to Wm. Shakespeare.) 


Outline of vessel at completion. 
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Mr. H. B. MCQUEEN (Newcastle) 


CONVERSION TO BULK CEMENT CARRIER BY 
BLYTH DRY DOCKS AND SHIPBUILDING 
COsLLD: 


WALCRETE 


The ship was converted for the purpose of carrying cement 
in bulk. 

The principle upon which the conversion was based is as 
follows : — 

1. The two main MacGregor hatch covers to Nos. | and 2 
holds were permanently closed by electrically welding the 
covers to the hatch coaming bulb angle and the athwartship 
and side joints made watertight by welded flat bars. 

Six small hatches were fitted to each hatch cover for 
loading of cement but this was later modified to one loading 
hatch on the centre of the MacGregor hatch covers with four 
air conveyors to each corner of the holds. Each air con- 
veyor consists of a plenum (air) chamber with a fabric cover 
which allows the air to permeate into the cement thus causing 
it to become fluidised and due to the excitation of the air 
conveyor, to flow along the conveyor. 

2. A tunnel was fitted throughout the length of the ship 
at the centreline from the fore peak bulkhead to the aft bulk- 
head in No. 2 hold passing through the midship deep tank. 
W.T. doors were fitted to tunnel at fore end of No. | hold 
and aft end of No. 2 hold. Access to the tunnel was through 
a steel trunk fitted at the forward end of No. 1 hold and aft 
end of No. 2 hold fitted with access hatches on upper and 


nm 


raised quarter decks and made large enough to allow for 
machinery removals. 

3. The tunnel was fitted with two screw conveyors, one 
for No. | hold and the other for No. 2 hold. The screw con- 
veyors terminate at the bottom of their respective elevators, 
which are steel trunks fitted at forward and after end of 
No. 2 hold. The cement is carried along the screw conveyors 
to the elevators where it is then lifted by buckets up the 
elevator to a considerable height above the deck from where 
it can be transferred ashore by means of a chute. 

4. In order that the cement may flow to the centreline of 
the ship, permeable decking was fitted between the tunnel 
walls and the ship’s side at an angle of 15° and similarly at 
the ends of the holds the decking is sloped fore and aft. The 
permeable decks consist of steel piling welded together to 
form plenum chambers and covered with a permeable sand- 
wich of composition boards. The permeable decks were 
supported by shell stringer at about 9 ft. 6 in. above base 
and square pillars welded to doubling plates on tank top and 
floors in D.B. stiffened in way. 

A system of controlled air distribution was arranged 
under the permeable decking. Air was fed into the plenum 
chambers by means of a blower thus fluidising the cement 
and allowing it to flow to the tunnel sides and into the 
mechanical conveyor system. 

The sides of the tunnel were fitted with cut off flaps 
operated from inside the tunnel to prevent an inrush of the 
cement to the screw conveyors during loading. 

By this method of discharging, the cement is capable of 
being handled at 200 tons per hour. 


Mr. D. J. MACLACHLAN (Helsingborg) 


THE CARRIAGE OF SULPHURIC ACID IN 
DEEP TANKS 


Concentrated sulphuric acid is generally carried in separ- 
ate cylindrical tanks, but one ship has been built to carry 
sulphuric acid in deep tanks which form part of the hull 
structure. Since this ship is claimed to be the first of this type 
built in Europe, it is thought that a brief description of the 
more important features may be of interest. The ship, of 799 
tons gross, is a conventional open shelter deck vessel with 
machinery aft and has, in addition to two cargo holds, 12 
deep tanks for sulphuric acid and is designed to carry a full 
cargo of acid or, alternatively, a full dry cargo. 

The deep tanks are arranged as indicated on the sketch, 
Fig. 90, four tanks at the fore end, four amidships and four 
aft. Sulphuric acid with a concentration of more than 98 per 
cent has no corrosive effect on steel, and ordinary ship steel is 
therefore used throughout the construction. The tanks are 
wholly welded to minimise the risk of leakage, and scantlings 
are based on the rule tables, increased in the ratio of specific 
gravity of sulphuric acid to salt water. 

Transverse bulkheads are corrugated and_ longitudinal 
bulkheads plane with stiffeners arranged on the outside, the 
only stiffening members fitted internally being the deck beams. 
Cofferdams are arranged between the tanks and the side of 
the ship, also between the after tanks and the engine space. 

Loading of sulphuric acid is effected by means of a gravity 
tank situated on the shelter deck and an extensive system of 
steel distribution valves and piping with automatic sounding 
arrangements and alarms. Air pipes from the tanks are com- 
bined and led to a position in the vicinity of the gravity tank. 
To counteract the large-scale formation of deposits on steel 
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created by acid gases in open-ended pipes, polyethylene air 
pipes are fitted above deck level and steel stand pipes, closed 
by sluice valves, are fitted in order to comply with the Rule 
requirements. Special arrangements are made for supporting 
and protecting the polyethylene piping, and in way of the 
supports soft plastic packing is fitted to prevent chafing. The 
pipes are jointed by means of a special apparatus, whereby 
the material is heated to approximately 350° C. and the butts 
fused together; a polyethylene sleeve coupling is fused over 
the joint. As a point of interest, the pipe system at the owners’ 
shore installation is wholly of polyethylene. 

The acid tanks are discharged by 12 submerged centri- 
fugal pumps, shaft driven by totally-enclosed electric motors 
on the deck or, in the case of the lower tanks, in special well- 
ventilated pump rooms on the ‘tween deck. All the pump 
units are interchangeable and two complete units are carried 
as spare. A sump is fitted in way of the pump suction in each 
of the acid tanks to facilitate pumping. Pump casings and 
impellers are of cast iron with bushings made of polyethylene ; 
the driving shafts are made of acid-resistant steel. The ‘tween 
deck pump compartments are fitted with hand pumps for 
drainage purposes. 

The ship has been in service for some 18 months and 
so far appears to be satisfactory, the only defect worthy of 
note being evidence of corrosion at the bottom of the bulk- 
heads of the ‘tween deck pump compartments. This is no 
doubt due to leakage of acid in way of the pump driving 
shaft together with the admission of water through the pump 
compartment ventilators combining to form a corrosive con- 
centration of acid. It is considered that, if future ships are 


built, some thought might be given to placing all the pump 
motors on the weather deck where any acid leakage can be 
more readily dispersed by hoses. 
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Mr. J. E. RADCLIFFE (Bombay) 


As a result of particularly severe monsoon weather 
conditions, four ships were seriously damaged off the west 
coast of India during the month of June, 1960, on account 
of grounding and/or adverse weather. One ship was declared 
a constructive total loss, while two other ships were tem- 
porarily repaired and sent back to their base ports on their 
tank tops. The fourth ship, by an unusual coincidence, 
presented an opportunity to effect permanent repairs with 
existing facilities at this port. 

Shortly after the ship’s arrival at Bombay under tow by 
a deep sea salvage tug, a preliminary examination showed 
that the rudder was missing and the rudder stock and steady 
bearing broken and damaged beyond repair. The position was 
discussed with the interested parties, and the owners and the 
Salvage Association, London, on whose behalf we were also 
acting, were accordingly advised by cable. 

Several ships at that time were being dismantled for scrap 
at Bombay, and it was thought that one ship was similar 
to the damaged ship. The particulars of these ships, as 
recorded in the Register Book, were compared (I must confess 
more out of curiosity than anything else) and it was found 
that the ships were indeed sister ships, built at the same yard 
within eight months of each other. 

Measurements of the rudder, stock and steady bearing 
were checked with plans, and the repairers, through a third 
party, commenced negotiations for the purchase of these parts. 
The owners subsequently cabled to enquire about the Society’s 
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requirements for a voyage under tow (approximately 2,800 
miles) and, after informing them that spare parts could 
perhaps be obtained at a reasonable price, instructions were 
received to press on with these arrangements on their behalf, 
pending the arrival of a Superintendent Engineer. 

The shipbreakers, who by this time were fully aware of the 
circumstances, made the negotiations long and protracted, 
but when it was realised that no more than a fair and reason- 
able price would be offered, the spare parts were purchased, 
dismantled and removed to the repairers’ yard for overhaul 
and reconditioning. Owing to the monsoon weather prevailing 
at that time there was a congestion in the port and it was 
some days before a vacant berth could be obtained in order 
to discharge some 6,000 tons of ore cargo, in preparation for 
drydocking. 

Immediately following the ship’s entry inside the docks 
an underwater examination was carried out and the diver 
reported that the sternframe was broken, at a line below the 
propeller boss, and the after part was missing. The Society 
Surveyors at the port where the ship was built, in reply to our 
cable, discussed the matter with the builders and advised that 
the sternframe lower section castings of both ships should be 
interchangeable. 

The owner's superintendent was greeted with this news 
on his arrival at Bombay, and within a few days the discus- 
sions regarding the purchase of the sternframe lower section 
casting from the shipbreakers had been mutually agreed upon, 
subject to the casting being found in good condition. 

It should be explained at this stage that the shipbreakers’ 
yard was located on mud flats and that the lower part of the 
sternframe was embedded in several feet of soft mud. Break- 
ing up Operations were under way in No. | hold and in order 
to assist the owners the ship was hauled approximately 40 ft. 
up the slipway at the next favourable tide. The possibilities of 
removing the casting were, however, not greatly improved. 
Work was commenced and progressed at low tides by the 
fitting of two three-sided steel-plated cofferdams, at the port 
and starboard sides of the shell plating, in way of the after 
peak bulkhead. The cofferdam sides were reinforced by about 
200 sandbags, and the soft mud, with water hose agitation 
inside the cofferdam, was pumped and scooped out to enable 
the plating in way of the forward end of the sternframe con- 
nection to be burnt away. The upper end of the sternframe 
was released by burning close in to the propeller boss, to 
avoid damaging the riveted scarph joint, located immediately 
below the boss. The side shell plating was released and the 
lower section casting lifted clear by block and tackle. The 
removal of the casting was completed in two stages at low 
tides. The final stage necessitated working through two nights 
under hot and humid conditions. The cargo, in the meantime, 
had been discharged and the ship entered dry dock on the 
morning that the sternframe lower section casting had been 
removed. 

The damaged ship was examined in dry dock and by 
measurement it was found that the sternframe casting had 
broken cleanly at a position 8 ft. 6 in. from the after end. 
The cross sectional area at the break was 15 in. x 124 in. 
Temporary shores were fitted at the port and starboard sides 
of the shell plating in way of the sterntube, the propelier was 
removed and lowered to the dock bottom and the screwshaft 
drawn inboard to facilitate repairs. The side shell plating, 
keel plating, internals, etc., and the riveted scarph joint were 
released and the damaged casting removed. A similar opera- 
tion had been carried out to the replacement casting and, 


after thorough scaling, sand blasting, etc., the casting was 
carefully examined for condition, hung up, hammer tested 
and found in satisfactory condition. 

During this time, 33 bottom shell plates were being 
repaired by either renewal, fairing and refitting, etc., and 
machinery parts were in the process of being overhauled and 
re-conditioned on account of grounding and refloating opera- 
tions. 

Five days after the ship had entered drydock a prelimin- 
ary fit of the replacement lower section sternframe casting 
was made with temporary bolts securing the riveted scarph 
joint. To correct the fore and aft mis-alignment packing was 
inserted in the scarph joint and, by calculation, it was decided 
to machine the replacement casting scarph joint mating face 
from zero at the forward side to 0°080 in. at the after side. 
This operation corrected the fore and aft mis-alignment and 
gave equal clearance in the vertical line from the sternframe 
casting through the steady bearing to the pallister bearing. 
The mating of the scarph joint amazed all concerned and, 
out of a total of 43-14 in. diameter holes, only 12 holes 
required to be screwed, plugged and re-drilled, the remaining 
holes were reamered only, Fig. 91. While drilling out the new 
holes a small flaw was found in the lower casting in a hori- 
zontal line between the second and third rows of rivet holes 
from top. The defect in the casting was chipped out, the casting 
preheated and repaired by welding using low hydrogen type 
electrodes, after which the surplus weld was ground flush and 
the casting carefully examined with the aid of a powerful 
magnifying glass. 

The remaining work, including the fitting and lining up 
of the rudder and associated parts was completed without any 
undue trouble and, after 18 days in drydock, a satisfactory 
full power harbour trial was carried out. 

The owner’s superintendent left Bombay with a good 
impression of local repair facilities, and the writer experienced 
much satisfaction with a job well done, which the Committee 
accepted as a permanent repair. 


Mr. W. B. SCHEELINGS (Amsterdam) 


INFLUENCE OF TRADING ROUTES ON CAST STEEL 

STERNFRAME OF IDENTICAL CONSTRUCTION AND 

REPAIRS TO CAST STEEL STERNFRAME BY PRE- 
FABRICATED SM STEEL STRUCTURE 


In the early days of 1949 one of the Dutch Shipping 
Companies ordered three cargo ships as replacement for that 
part of the fleet which was trading between the Continent and 
the west coast of the U.S.A. The normal route of these ships 
is via the Gulf and Panama Canal. 

Whilst the second ship was being built and nearly com- 
pleted to the upper deck, the owners requested to redesign the 
hull of the ship into a passenger ship for the route Nether- 
lands—U.S.A. (North Atlantic). 

The hull to the upper deck, the sternframe and the 
machinery installation were kept the same as originally 
designed for the cargo ship only, and above the upper deck 
very intensive alterations were carried out for this conversion. 

Shortly after the passenger ship was put into commission 
(July, 1951) it was observed that the sternframe showed 
serious fractures at the oxter of the sternframe (April, 1952). 
The fractures are shown in Fig. 92. 

It was decided, in view of the difficult position of the 
fractures, also the necessity of improving the construction and 
to minimise the delay as much as possible, to prepare a new 


Fic. 92 


upper part of the sternframe of prefabricated construction 
and to fit same at a suitable occasion of the sailing schedule 
of the ship. Meantime temporary repairs were carried out. 

Although the building of the third ship at this stage had 
not been commenced, the same design and dimensions were 
maintained and the structure made in accordance with the 
rules. The sternframe was not altered. 

This ship was placed in commission on the North Atlantic 
route in March, 1954. Twenty months later the same defects 
developed in the sternframe as in the second ship and the 
same decisions made regarding the method of repair. 

The first ship, however, which had been completed accord- 
ing to the original design as a cargo ship has been trading 
according to its schedule between the Netherlands and the 
west coast of the U.S.A. via the Gulf Ports. The sternframe 
of this ship was of the same design as the aforementioned 
ships. 
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Prefabricated parts of two sternframes 


Only after 10 


route did 


years of trading of this ship on the above 
the sternframe show the same defects as the other 
ships, and from the above it can be observed the influence of 
trading on the North Atlantic route in with the 


other trading route 


comparison 


As mentioned before, it was decided to replace the frac- 
tured part of the sternframe by a prefabricated part, which 
could be prepared whilst the vessel was still at sea and all 


necessary made for a 


planning and arrangements could be 
quick repair 

Fig. 93 shows the prefabricated parts of the sternframe 
(for two sternframes) after being stress relieved in an electric 
furnace. The prefabricated parts were completely made of SM 
steel and had to be connected to the existing cast steel stern 
frame removal of the damaged part. As a weld was 
already made tn the rudderpost of the cast steel frame, this 
new part has been made to fit on this butt. 

Fig. 94 shows the fabricated part positioned in the ship and 
preparations were made for welding the new part to the exist- 
ing sternframe. 

In order to be to preheat the sternframe before 
commencing to weld the two parts together, induction heating 


atter 


able 


coils were installed, the same system being used for stress 


Fic. 94 


Fabricated parts in position 


J 
Aa 


relieving after the welding was completed 

For this purpose three induction transformers of 15 kVA, 
one of 70 kVA and one of 50 kKVA were installed whilst 
altogether 165 Mo. induction cable (240 mm.*) was used. 

Fig. 95 shows the fitting of the induction wires. The thin 
white connected to temperature-time recording 
apparatus, so that the whole warming-up and stress relieving 
was recorded and was well under control. 


wires are 


The warming-up time to about 150°C. took about two 
hours, after which the heating was switched off as the 


magnetic alternating field introduced by the induction current 
caused trouble to the welding due to unstable arc. It showed, 
however, that during welding the temperature was practically 
constant; only at short breaks for lunch, etc., the induction 
heating was switched on to keep the temperature constant. 

On completion of the welding the temperature was raised 
to 600/500° C., the speed of warming-up amounted to about 
50° C/H. The temperature was kept constant for about 
four hours after which the cooling down period commenced 
taking another eight hours. 

The completion of the work (fitting shell plating, rudder, 
etc.) was soon afterwards completed. 

The whole job was completed in about I5 working days. 
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Induction wires fitted. 


Mr. P. F. BALFOUR (Durban) 


“SIMPLEX” RUDDERS 


This rudder is well known to all Ship and Ship and 
Engineer Surveyors. 

We have surveyed many ships in Durban which have 
been fitted with these rudders, and we have found them 
very prone to damage through heavy weather. 

It is interesting to note that on a number of occasions the 
masters of ships have not reported any trouble with the 
rudder, and yet, when examining this component at routine 
drydockings we have found serious defects. In most of these 
cases heavy weather has been experienced. 

Example: A cargo ship, 5,807 tons gross, commissioned 
in 1952, drydocked in Durban in August, 1954 (Drb. Rpt. No. 
6567). 

On examination it was noted that the nut on the lower 
end of fixed rudder post/pintle was slack, being screwed on 
three threads only. The locking device was missing from the 
nut. The conical end of fixed post was quite slack in the aper- 
ture of sternframe skeg, and the lignum vite lined bushes (2) 
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in the rudder were excessively slack. The surfaces of the cone- 
shaped aperture in sternframe skeg and the conical end of 
fixed post were severely corroded, indicating that the conical 
end of post had not been fitting snugly in the aperture of skeg 
for some time. In addition to the above, the top of the stern- 
frame, which is fabricated and incorporates the flange of 
palm to which the fixed rudder post is bolted, was cracked 
in the welding at several places. 

Younger colleagues, who may not have experience of this 
type of rudder, should note the importance of seeing that the 
fixed post is carefully fitted, that is, secured at the lower end 
first and then the upper palm lined up with the palm at the 
head of sternframe. 

Whilst on the subject of rudders, we would like, in con- 
clusion, to refer to the rudder fitted to the C2 Victory ships. 
These rudders have two large pintles. There are three of these 
ships which regularly drydock in Durban, and each ship was 
submitted for Special Survey recently. On lifting the rudder 
in each case, the total clearance of the pintles in the gudgeon 
bushes was of the order of 0°050 in., and these bushes have 
not been renewed since the ships were taken over by their 
present owners in 1946/47, and are probably the original 
bushes. 
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Mr. J. B. DAVIES 


This paper contains so much of interest that any contribu- 
tor to the discussion runs the risk of writing another paper ; I 
propose therefore to confine my remarks to only a few of 
the many interesting cases described. 

I was particularly interested in Mr. Henckel’s description 
of the repair and lengthening of the Esso Porismouth since I 
went to Milford Haven shortly after the fire and, in associa- 
tion with Mr. N. A. Johnstone, the Surveyor at Milford 
Haven, issued the interim certificate. Mr. Henckel has given 
a good description of the damage we found although no 
photograph can really do justice to the magnificent bulge in 
the upper deck forward of the bridge. It was not the extent 
of the damage in this region that was surprising, but that the 
steel had deformed so much without extensive fracturing. One 
point to which particular attention was paid when considering 
the voyage Milford Haven—Tyne was the ballast distribution 
among the various tanks, since it was evident that, with the 
upper deck so badly buckled, the sagging bending moment 
must be minimised and the deck kept in tension as much as 
possible. In addition, attention had to be paid to the desir- 
ability of some ballast in the damaged tanks to counter- 
balance hydrostatic pressure. 

The problem of getting the ship to a repair port was, of 
course, only the start of the matter, and Mr. Henckel has 
given a most valuable and interesting description of subse- 
quent proceedings. 

The photo-elastic work carried out at the Royal Technical 
University, Stockholm and referred to in the contribution 
from the Ship Plans Department, Gothenburg, is most valu- 
able and Professor Steneroth deserves our thanks for making 
the results of this work available to the Society. There is no 
doubt that this type of investigation has immense possibilities, 
and it is hoped that, in the not too distant future, the Society 
will have suitable facilities to enable us to participate in work 
of this nature. An investigation of these reports indicates some 
conclusions which may well be surprising and tending to 
shake one’s faith in some of the traditional folk-lore of ship- 
building. For example, it appears that it may be possible to 
make a greater reduction in the maximum stress round a 
small opening by good design than by the brute force method 
of adding a square doubler to replace the lost material. The 
cargo port mentioned in the paper was another case where 
the investigation showed that good design could obviate the 
necessity for complete replacement of all lost material. 

Several contributors have described designs of ships for 
specialised services ranging from the carriage of cement to 
sulphuric acid. It appears that if a long term charter can be 
arranged, it is an economic proposition to build ships for 
each particular cargo to a much greater extent than has been 
done in the past. During the past years a large collection of 
data regarding the provisions necessary for very many differ- 


ent cargoes has been built up in the London Office and this 
is always available to anyone contemplating building or 
designing special ships. 

The method of repair to the Shaftesbury described by Mr. 
Kamps was most ingenious and I think many of us would 
like to know what clearance was allowed when floating the 
new section into place. 

Secretary’s Note— 

Mr. Kamps states that the whole seating was made out of 
three prefabricated sections and combined in the dry dock as 
indicated in his sketch. Whilst fitting the seating into the ship 
the minimum clearance was adopted at the after end and 
port and starboard sides of the section. A number of bottom 
shell and floor plates had to be renewed at the forward end 
so no difficulties with regard fitting were encountered in this 
region. 


Mr. R. G. LOCKHART 


The Committee of the Staff Association is to be thanked 
for this latest exercise in Symposium. 

The Authors have risen to the challenge and presented a 
miscellany which can be filed for record and reference. 

I propose to deal briefly with the components making a 
few relevant comments. 

Mr. Sheffer is to be thanked for his description of metallic 
surgery which prolonged the life of an ageing tanker. In 
dealing later with the renewal of the double bottom in the 
machinery space the temptation is to ask why the auxiliaries 
could not be removed during this intricate and extensive 
repair and renewal. 

Mr. Lyderson presents the case of a particularly trouble- 
some bossing in a ferry. Unfortunately, the holes cut in the 
bossing are not quite the panacea. In the language of the 
motor car manufacturers this would be termed a “rogue 
bossing”’. 

An examination of the plans, shows no obvious weakness 
in the internal structure ; web frames are generally in excess 
of any recognised standard. The boss and stiffening as built 
compares favourably with known successful cases. The pro- 
peller brackets are connected through the ship and not merely 
extended inside the shell and attached to girders and floors 
as in many similar ferries. 

An analysis of the case tempts one to think that the regions 
where cracking and buckling occurred could be associated 
with slamming of the bossing, possibly at its worst in the 
astern or manceuvring conditions. 

It is believed the owners have a similar vessel with open 
shafting and apparently trouble free. 

The contributions from Holland on the lengthening of the 
Crowborough Beacon and fitting a new double bottom in the 
Shaftesbury are both worthy of careful note. Mr. Kamps’ 
presentation of the latter makes a most complicated operation 
seem almost simple. 

Various types of carrier are dealt with by the Gothenburg 
Ship Plans Department. 

It will be a great interest to many colleagues to note the 
bulk carrier is capable of being loaded with three empty 


holds. The versatility of the bulk carrier can only be com- 
pleted when carrying ore or similar dense cargoes if the 
centre can be raised. This has led to a variety of proposals 
for ships with empty holds being dealt with. 

The bending moment and shear forces arrange themselves 
in patterns far remote from these associated with homo- 
geneous loading. The maximum bending moment is often far 
removed from midships. 

The peaks of the shear forces occur at the boundary 
between the full and empty holds. 

Any information which colleagues may pass on during 
surveys of these ships will be most interesting. 

No Classification Society has as yet any great knowledge 
of non-homogeneous loading and it will be valuable to learn 
of voyages made under these conditions. 

The collective effort of Messrs. Grauers, Nillsson and 
Marklund on work at Eriksbergs is almost a self-contained 
symposium. 

The permitted tolerance of +2 mm. in fabrication is a 
worthy standard. 

The Toulouse, a ship having twin hatches with an under 
deck tunnel integrated in the longitudinal strength and centre- 
line cranes, is another modern trend. 

The width of deck outside the line of the hatches is small 
and deep continuous girders or longitudinals are frequently 
necessary for longitudinal strength. 

The transverse and torsional rigidity of such ships must 
be taken care of by partial bulkheads and web frames. 

The layout of the Gotaverken yard at Arendal is quite 
astonishing. 

The essence of the plan is apparently two building docks 
each capable of taking one very large or several smaller ships. 

The adjacent assembly halls and other components bring 
the unit to a very modern conception of automation. 

Perhaps some of the modernisation done recently is too 
little and too late and already outdated to accept any serious 
challenge cf automated construction. 

Mr. McKinlay’s article on Self-Tipping Log Barges is very 
complete and comprehensive. The mode of loading, trans- 
porting and unloading is unique and must, as the Author 
points out, cause a good deal of wear and tear. 

This is a case of ships built for a particular purpose and 
most effectively they appear to perform. 

One wonders how much time and effort is involved in 
recovering the logs after tipping. 

The tanker conversions to bulk carriers dealt with by Mr. 
McEachern is symptomatic of a variety of such cases dealt 
with in the past two years. 

It might be mentioned that tankers with transverse side 
framing are generally the best proposition for such conver- 
sions. The introduction of a raised double bottom and topside 
tanks usually permits the existing side frames including the 
webs to be acceptable for the revised transverse requirements. 

Side longitudinals require skid plates to be fitted throughout 
when carrying grain, adding considerable cost to the project. 

Mr. Henckel describes and illustrates the repair and 
lengthening of the Esso Portsmouth in a most comprehensive 
manner. 

The methods adopted to obtain alignment and the results 
obtained are very commendable. 

It would be interesting to learn if the fabricated stringer 
angle presented any difficulties. Similar fabrications have 
been troublesome in construction and fitting and as a result 


of these, it is now more common to weld the stringer to a 
vertical flat bar, which is riveted to the sheerstrake. 


Mr. McQueen presents the case of a coaster conversion to 
a bulk cement carrier with a hoist bucket discharge of 200 
tons per hour. This rate appears favourable with other known 
methods of bulk cement discharge. 

Mr. Maclachlan on the carriage of sulphuric acid in deep 
tanks introduces the use of polyethylene for the air pipes and 
pump shaft bushings both are of particular note. 

Regarding the Author’s remarks on the corrosion already 
taken place in the pump rooms one wonders if any moisture 
is coming from the plastic piping. It would seem possible to 
provide a type of vent to preclude the entry of water and 
possibly with the addition of a drip tray of acid resistant 
steel under the pump would alleviate the problem without 
resorting to shifting the pumps. 

The transposing of part of a sternframe from a sister ship 
as mentioned by Mr. Radcliffe must pay tribute to the makers 
of the castings. The alignment obtained at the scarph with so 
little alteration to the existing holes must have been a great 
satisfaction to all concerned with the operation. 

The defects at the oxter in the cast steel sternframes as 
explained by Mr. Scheelings are worthy of careful note. 
Several cases are known of fabricated sternframes in associa- 
tion with a cast steel arrangement at the top and so far as 
is known these were entirely satisfactory. It appears to have 
been necessary to reverse this procedure in this case and 
makes me wonder whether any design fractures or casting 
procedures were responsible for the mishaps. 

Mr. Balfour shows the necessity of paying adequate atten- 
tion to the security and fit up at the lower end of axle posts. 
Secretary's Note— 

Mr. Henckel states that no difficulties were experienced in 
the prefabrication of the stringer angle for the Esso 
Portsmouth, 


Mr. MILNER 


Having read with interest the contributions to this sym- 
posium, I would like to be permitted (as a non-member) to 
make one or two comments with regard to the recording of 
unusual repairs and alterations. 

As you already know the Technical Records Office has the 
machinery for collecting and recording these items of tech- 
nical interest, most of which come through the various reports 
sent in by the Surveyors. 

It would, however, be of great help if Surveyors when 
reporting unusual casualties, could let the department have a 
few additional items of interest surrounding these cases which 
are normally not required in their reports for classification 
purposes. 

Referring to Mr. Lydersen’s opening remark, I can assure 
him that we are always looking for common features, and 
for this reason we record everything that comes in through 
the Surveyors’ reports and press reports. These, however, 
usually give only the bare bones, and we are always grateful 
for additional background information, such as that given in 
these very useful papers. 

In conclusion, I would like to thank the Staff Association 
on behalf of the Technical Records Office for all the informa- 
tion contained in the various papers, together with the 
excellent illustrations and diagrams which accompanied them. 
Finally, I would like to take this Opportunity to thank all 


those Surveyors who in the past must have gone to consider- 
able trouble in furnishing the background information to 
which I have just referred. 


Mr. MARSDEN 

This Symposium has tapped a source of experience and 
practice which is instructive, interesting and varied. 

The contribution from the Ship Plans Department (Gothen- 
burg) | have found most interesting, in particular the mention 
of bulk carriers classed “Strengthened for Ore Cargoes with 
certain holds empty”. 

Whilst plan approval ports have guidance for determination 
of scantlings, it may be of assistance to Surveyors who have 
just been introduced to this notation to appreciate the 
strength problems of this type of loading which have so far 
been experienced. 

With this in view, perhaps Gothenburg will permit me this 
small additional description of this class. 

Approximate methods of longitudinal strength calculation 
was found not to be applicable to the loading with certain 
holds empty. Builders are therefore requested to prepare 
bending moment and shearing force diagrams in still water 
for the loaded condition. As already mentioned by a previous 
speaker, the usual character of a bending moment curve for 
this loading is a two-peak formation within the -5L as com- 
pared with the single peak of the homogeneous loadings. On 
one ship the maximum bending moment occurred at °25L 
forward of amidships and a slightly smaller one at about -2L 
aft of amidships, whilst another ship gave hogging peaks at 
about -2L aft and forward of amidships for one loading 
changing to a single sagging peak nearer amidships when 
alternate loading was used with only two holds empty. Under 
such conditions, it can be realised that the continuity of the 
longitudinal strength must be maintained over -SL and an 
efficient taper off is of some importance outside this limit. 

Further, to obtain the required standard of strength a 


modulus calculation must be done in each case. Therefore it 
is important that the continuity of area of longitudinals, 
girders, topside and hopper side tanks and double bottom be 
maintained for the midship extent. The «20 in. increase on 
the tank top for grab discharges is included in the modulus 
and so position of manholes and other such large openings 
should be shown on double bottom structure and side tank 
plans. 

This raises question of how easy the continuity of a bulb 
plate longitudinal is to make and this may be one of the 
reasons in favour of the use of the rolled flat longitudinal 
used in certain yards, besides of course its more efficient area 
distribution. 

The shearing force for such loading when compared with 
homogeneous loading was found to be far in excess. These 
forces are found, as to be expected, at the bulkheads between 
the full and empty holds. The value and the slope of the shear 
force diagram has been found to be high at some bulkheads. 
Intermediate frames to stiffen the shell were fitted adjacent to 
the bulkheads concerned and on one ship a vertical panel of 
thicker side shell was fitted in way of two bulkheads extending 
in depth from within the hopper side tank to within the top- 
side tank. The longitudinal extent depends on the slope of the 
shearing force curve. 

The schemes of loadings investigated for strength are of 
course those which will be included in the ship’s loading 
booklet, copy of which is required to be submitted in accord- 
ance with the Notice No. 5 to the Rules. 

My remarks, I hope, will raise other experiences on this 
type of loading of ships and I would be pleased to hear from 
Gothenburg or any other port, including those where surveys 
have been carried out on ships, having actually sailed with 
full deadweight with some holds empty. 

Secretary’s Note— 

The Gothenburg Surveyors state that service experience 

with the above type of loading is very limited but they do 
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know of one vessel with two years’ service carrying pig iron 
in alternate holds and the results have been very satisfactory. 


Mr. AHMED 


The photo-elastic technique is generally used to produce a 
quantitative picture of the stress distribution, rather than the 
actual magnitude of the stress pattern. Therefore, a little more 
detail as to the application of the method in correlating the 
generalised picture of stress pattern to the actual magnitudes 
of stresses, would have been appreciated. 

The problem of stress concentration in sheet structures has 
been dealt with in great detail in reference (1) and the method 
is quite simple and gives remarkably good results when com- 
pared with test results. 

The hatch arrangement shown in Fig. 24 can be very 
simply analysed by technique of superposition. The Author 
seems to be under the impression that the shape of the re- 
entrant corner is the single major governing factor, but the 
test results in reference (1) indicate that the design of wake- 
plating (that is, the plate outside the opening) is far more 
important than the shape of the re-entrant corners. 

The analysis of openings in shell structure could be briefly 
described as follows: — 


(i) The cut-out sheet is replaced by a sheet of equivalent 
shear stiffness in the region of the opening. 

(ii) The whole deck plating is now replaced by a single sheet 
of equivalent thickness, and corrected for the effect of 
parabolic shear flow. 

(iii) The longitudinals are replaced by equivalent additions to 
the corner flanges. 

(iv) The shear flows are now corrected for the cut-out with 
the help of multiplication factors presented in reference 


(1). 


Further, the Author takes no account of the presence of 
stiffeners and deep girders around the hatch opening. Test 
results in reference (1) indicate that these do have great 
influence on shear flow distribution, and in particular, in bulk 
carriers the presence of deep girders does change the nature 
of stress distribution. 

Fig. 1 shows the stress distribution in the multi-hatch- 
opening deck structure subjected to arbitrary torsional load 

The problem of multi-hatch-opening in deck panels has 
been investigated theoretically by Schade (2), and Plexiglass 
model experiments were carried out by Bailey (3), and Scott 
(4). It is thought that clean design of hatches extending from 
bulkhead to bulkhead eliminates the stress peaks in the inter- 
vening wake-plating (1). Furthermore, the spacing of the 
transverse bulkheads and their rigidity has appreciable influ- 
ence on the stress concentration problem in multi-opening 
deck panels. 

The novel technique described by the Author is very much 
appreciated, and it is hoped that more information will be 
made available to advance our knowledge. 
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GLASS REINFORCED PLASTIC 


BOAT BUILDING 


By A. McINNES 


The late A. J. W. Hedger presented a general review of 
reinforced plastics in his paper to the Staff Association in 
1958. It is now proposed to deal more fully with glass rein- 
forced polyester resin and particularly with its application to 
boat construction, as the material has not yet made much 
progress in other marine applications. Plastic boats are being 
moulded in factories away from the traditional boatbuilding 


areas and the surveyors in these areas may find themselves 
suddenly faced with supervising the moulding of small craft 
of an unfamiliar material, in addition to their normal duties. 
It is towards these surveyors that this paper is directed ; it is 
presented, possibly rather laboriously, in an attempt to 
provide them with a readily available reference on plastic 
boat construction. 

The first part of this paper deals with the materials and 
the methods, most of which will be found in the various 
text books, but its inclusion is necessary in order that the 
subject may be fully covered. As the quality of the final 
product is very much dependent on the moulding conditions, 
the second part of the paper gives the conditions and facilities 
existing in plastic moulding works and indicates the conditions 
that are acceptable. The remaining part of the paper will be 
presented later and is intended to deal with the structural 
design and arrangements of the plastic craft. 


PART I—MATERIALS AND MOULDING METHODS 


Plastics materials can be classified under two main headings, 
“thermoplastic” and “thermosetting”, according to the effect 
of heat on their properties. 

Thermoplastics, like metals, are hard or soft according to 
temperature; they are softened by heating and hardened by 
cooling. This process of crossing the softening point on the 
temperature scale can be repeated as often as desired without 
any appreciable effect on the properties in either state. 

Most thermosetting materials, on the other hand, are first 
softened by heat and pressure and are moulded in the softened 
state. Continued application of heat causes a chemical change 
in the material resulting in a hard, infusible product. This 
process is not reversible and the moulded thermosetting 
plastics material cannot be re-moulded. The older thermo- 
setting materials, such as phenolic resins, evolve volatile 
matter during cure. Expensive, robust moulds capable of 
withstanding high pressures are therefore used to prevent 
blistering and distortion during moulding. 

Polyester resins, or more correctly, unsaturated polyester 
resins are thermosetting materials. They are resin syrups 
which can be cured in a variety of ways using catalysts and 
accelerators. However, they have the advantage that no pro- 
ducts of condensation will result during the curing process 
and high pressures are not necessary for moulding. 

Polyester resins were first used commercially during the 
1939/45 war when glass fabric reinforced mouldings were 
used to protect radar equipment. The aircraft industry con- 
tinued to be the main field of development after the war until 
the cost of both resins and glass fibre was reduced. During 
the period between 1952 and 1955 a cheaper form of glass 
reinforcement became available, namely, chopped strand mat. 
This economic factor, coupled with the very attractive proper- 
ties of glass reinforced polyester resins, initiated a wider 
interest in the material. 

To-day, almost all plastic boats are constructed from 
polyester resins reinforced with glass fibres in the form of 
mats, fabrics, etc., and it is proposed only to deal with these 
materials in this paper. The majority of the boats are moulded 
by the contact or hand lay-up process, although a few are 
moulded by the vacuum and pressure bag processes, and as 


these later processes are a study themselves, only the hand lay- 
up method will be described. The various methods of moulding 
are described in a paper to the Staff Association in 1957/58 by 
the late A. J. W. Hedger and need no further explanation here. 
There are two other resins that can be used for boat construc- 
tion, the epoxides and the phenolics, but both of these are more 
difficult to work and more costly and therefore very seldom 
used. The epoxides have better physical and mechanical 
properties than the polyesters and are mainly used for bonding 
work and the manufacture of moulds where the production 
run will justify the cost. This group will possibly supersede 
the polyesters in the course of time when the snags associated 
with their working have been overcome and if the manu- 
facturing costs ever become equivalent to those of the poly- 
esters. The phenolics are not as good as the polyesters and 
apart from a few experimental mouldings, very little use has 
been made of them in this field. 


THE POLYESTER RESINS 


CHEMISTRY 


Just as an acid and a base react to form a salt, in organic 
chemistry the reaction of an organic acid with an alcohol will 
yield an ester and water, but by using special types of alcohol 
(such as glycol) and dibasic acids, a polyester and water will 
be produced. This reaction, along with the addition of com- 
pounds such as saturated dibasic acids and the cross-linking 
monomer, form the basic process in the manufacture of the 
resin. 

The properties of the final resin are determined by the type 
and quantities of the acids, glycols and monomer used in the 
reaction, and since there are a great number of variations in 
the composition of the reaction, a considerable variety of 
resins with a wide range of properties is conceivable. 

The most commonly used unsaturated acids are maleic 
anhydride and fumaric acid, whilst phthalic anhydride and 
isophthalic acid are the more common saturated acids. The 
simplest and most readily available glycol is ethylene glycol 
and the cross-linking monomer is almost invariably styrene. 


All these chemical compounds are derived from either coal 
or petroleum and Fig. 1 shows the origin of the compounds 
used in the manufacture of a typical polyester. 

Polyester resins are viscous, pale-coloured liquids varying 
in viscosity from a fluid like glycerine to one as heavy as 
ordinary gear-box oil and vary in colour from water-white to 
straw colour. 

Polyesters, and particularly their solution in monomers, such 
as styrene, have limited stability on storage and will slowly 
set or gel over a long period of time. Small quantities of a 
stabiliser, or inhibitor, are added during manufacture to delay 
the gelling action, the quantities being correspondingly 
increased for shipment and use in warm climates. 


Types OF RESINS 

There are several different types of polyester, each formu- 
lated for specific use and the following are the more common 
ones : — 

GENERAL PuRPOSE: These polyesters are formulated for 
general moulding work using the hand lay-up method and 
are available in a wide range of viscosities to suit the 
moulders’ requirements. There is a large variation in the 
physical and mechanical properties of the individual resins, 
and those of this type which are used for boatbuilding have 
good water resistance combined with average mechanical 
strength. 

Heat RESISTANT: Ordinary polyesters at the best will with- 
stand temperatures of the order of about 150° C. continu- 
ously. For higher heat resistance the use of a heat-stable 
monomer such as triallyl cyanurate, in the place of styrene, 
can give resistance up to 250°C. for a limited period. These 
resins are normally used for aircraft and armament work. 

CHEMICAL RESISTANT: These types have been the subject of 
special study by the manufacturers, and resins, such as those 
based on a bisphenol polyester, are available which have 
better chemical corrosion resistance than the normal general 
purpose polyester. 

Licut STABILISED: This resin is designed for the manufac- 
ture of transparent roof sheeting and is stabilised to prevent 
the laminates yellowing due to age. This property can also 
be conferred on the general purpose resin by use of a special 
light stabilising additive. 

Fire RESISTANT: All ordinary polyesters burn and will go 
on supporting combustion with the removal of the cause of 
ignition. Self-extinguishing resins, however, will burn in the 
presence of a flame but will go out on the removal of the 
source of ignition. The self-extinguishing properties are 
usually obtained by the use of chlorine compounds in the 
resin formulation but may also be achieved by the use of 
HET acid. 

FLEXIBLE RESIN: This type is essentially a modifying resin 
and is designed specifically for blending with the general 
purpose polyesters to give improved flexibility, resilience and 
impact strength. 

Two other types of polyesters which are becoming more 
common and are worthy of mention are known by their 
chemical type rather than by their end use: — 

ISOPHTHALIC RESIN: The isophthalic-based polyesters show 
improved characteristics of mouldability in both hot and cold 
applications because they tend to wet the glass reinforcement 
more satisfactorily. They have improved resistance to chemi- 
cals and detergents and have improved retention of strength 
in the wet condition. 

HET Acrp REsIN: This type of resin is extensively used in 
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the U.S.A., although it is not yet very common in Europe. It 
has physical properties very similar to the general purpose 
type but the fire resistance and weather stability are superior 
to those resins made self-extinguishing by other methods. 


RESIN SYSTEM 


Polyester resins require the addition of some of the follow- 
ing ancillary products before they are used for moulding. 
These products form the resin system or mix, and are: — 

Catalysts 

Accelerators 

Additives—Thixotropic 
Pigments 
Fire Resistance 
Fillers or Extenders 


The manufacturer may supply the resin in its basic form 
or with the accelerator and any of the above additives already 
included. Several years ago it was common practice for 
economic reasons for the moulder to purchase the base resin 
and carry out the formulation of the mix, but over the past 
few years the price of resin has dropped considerably, due to 
better manufacturing techniques and an improved supply 
position, and the tendency is now for the moulder to purchase 
a formulated mix. Where the moulder modifies the base resin 
by the addition of fillers and pigments and alters the viscosity 
by the addition of styrene or thixotropic agents, it must be 
done by the appropriate techniques and with proper mixing 
equipment. 

Care is to be taken in the formulation of the resin mix 
when measuring the quantities of the various components and 
in the sequence of their addition. The measuring may be done 
by weight or volume, using equipment graduated to give a 
reasonable degree of accuracy. The materials are to be dis- 
persed in the resin by a slow constant speed stirring vortex 
of a machine mixer and in a manner to achieve a homogenous 
mixture free from air bubbles. Resins supplied already formu- 
lated by the manufacturer should be thoroughly mixed before 
the addition of the catalyst and any other additives. 

The resin viscosity should be such that it will wet and 
thoroughly impregnate the reinforcement. When moulding 
boat hulls and other similar shapes, it may be necessary to 
raise the viscosity of the resin by the addition of a thixotropic 
agent, such as aerosil, to prevent serious drainage of the resin 
on the vertical sides of the hull. The amount added should 
be just sufficient to overcome this serious drainage, otherwise 
air bubbles will be easily trapped in the laminate and affect 
the strength and water resistance. On the other hand, it may 
be desirable to lower the resin viscosity by additional styrene 
monomer and the amount should not exceed that specified by 
the resin manufacturer. 


CATALYSTS AND ACCELERATORS 


Unsaturated polyester resins will, given enough time, 
eventually set by themselves but this rate of polymerisation is 
far too slow for practicable purposes. Catalysts and accelera- 
tors are therefore essential to achieve the curing of the resin 
within a practical limit. Catalysts are added to the resin 
system shortly before use to initiate the polymerisation 
reaction whilst accelerators are added to the catalysed resins 
to enable the reaction to proceed at shop temperature and/or 
at a greater rate. Accelerators have little influence on the resin 
in the absence of a catalyst and are therefore sometimes 
added to the resin by the manufacturer. 


The following are the combinations of catalyst and 
accelerator in common use, the first two being those generally 
used in boat construction : — 

(a) Methyl ethyl ketone peroxide and a cobalt accelerator. 
(b) Cyclohexanone peroxide and a cobalt accelerator. 
(c) Benzoyl peroxide and a tertiary amine accelerator. 

For safety purposes and for easier handling and mixing, 
catalysts and accelerators are manufactured, either in paste or 
liquid form, as a mixture with another chemical. The catalyst 
may be dispersed in a phthalate plasticiser or other suitable 
vehicle, while the accelerator is diluted in resin, styrene, white 
spirit or other suitable solvent. The vehicle used should not 
unduly dilute or have any deleterious effect on the resin. The 
percentage of active chemical in the mixture is stated by the 
manufacturer and is shown as e.g. 6 per cent cobalt 
naphthenate indicating a styrene mixture containing 6 per 
cent of the active cobalt compound. 

The catalyst/accelerator system and the amount used are 
normally recommended by the resin manufacturer and this 
amount ranges from a minimum | per cent to a maximum 4 
per cent depending on the strength of the system used and the 
desired setting time. The amount of catalyst should be within 
these limits as an excess will cause too rapid a gelation with 
poor laminate properties, whereas too slow a reaction may 
cause the resin to undercure. Variations in the setting time 
are achieved by adjusting the accelerator content and not the 
catalyst content and also an excess of accelerator is never 
used to compensate for a deficiency of catalyst. Further to 
the above, catalysts and accelerators can behave as inhibitors 
if used in too high or too low a concentration, and as this 
concentration is highly specific and may be entirely different 
for dissimilar resins, the moulder should meticulously follow 
the instructions given by the resin manufacturer and keep 
within the limits he sets. 


FIRE RESISTANCE 


All ordinary polyester resins burn and will go on supporting 
combustion with the removal of the source of ignition. The 
laminate does not melt or flow as would thermoplastic 
materials, the resin burns away leaving the blackened glass 
reinforcement limp and unsupported. Certain resins can be 
formulated to give better fire retarding properties which are 
usually achieved by the liberation of chlorine gas or water 
from the resin formulation when it is subjected to excessive 
heat. 

In boat construction fire retarding properties are achieved 
by the following methods, given in order of increasing 
effectiveness : — 

(1) Adding certain chemicals to the resin mix. 
(2) Using a chlorine formulated polyester. 
(3) Using a HET acid polyester. 

The above order also applies to weather resistance, mech- 
anical properties and the stability of properties on ageing. It 
applies also to cost but not to use as the majority of moulders 
adopt the first method. Laminates made from these resins 
have poorer resistance to weathering and inferior strength to 
those made from the unmodified general purpose resin and 
for this reason, several moulders achieve fire resistance by the 
use of the conventional chlorine-rich paints rather than by 
modified polyester resins. 

In the first method the additives normally included in the 
resin mix are antimony oxide and chlorinated paraffins, 
generally in the proportions 10-15 per cent and 5-10 per cent 


respectively. If a high degree of fire resistance is required, a 
combination of the additive method with any of the other two 
may be used, the amount of additives being restricted to that 
compatible with reasonable weathering resistance. The fire 
retarding effect will be reduced if a filler of the calcium 
carbonate type is used in the laminate as this will cancel the 
effect of the liberated chlorine. 


PIGMENTS 


The mouldings can be coloured to any desired shade by 
careful addition to the resin system of a suitable pigment. The 
pigment may be added to the gel coat mix followed by 
a clear laminating mix to give an easily inspected laminate or 
the laminate can be pigmented throughout. Although many 
mouldings are self coloured and not painted, a really out- 
standing finish can only be achieved by painting the mould- 
ing. Should the paint surface be scratched however, the pig- 
mented hull laminate of the same colour below prevents the 
scratch from showing too prominently. 

The pigments suitable for use are selected by trial and error 
and must be unaffected by the action of organic peroxides, by 
the heat generated during cure and by the presence of the 
cobalt accelerator in comparatively high concentrations. The 
moulder should be guided by the resin manufacturer as to 
the type and amount to be used and test pieces should be 
made before proceeding with any large-scale work. Inorganic 
pigments such as anatase titanium white, some carbon blacks 
and brown pigments are known to absorb cobalt naphthenate. 
If this happens, the curing process will be inhibited to the 
extent of the absorption that may have taken place and in 
some cases, additional accelerator may be necessary to combat 
this inhibiting effect. Organic pigments offer the greatest 
choice of brilliant colours and it is fortunate that many of 
them are unaffected by the catalysts or accelerators ; neverthe- 
less, with some colours there is complete inhibition of the 
resin cure. 

The amount of pigment is usually determined by the depth 
of colour required, but because of the retarding of the setting 
time, it is recommended that not more than 2-3 per cent of 
the resin weight, or in the case of pigment pastes, a maximum 
of 5 per cent is used. Where it is necessary to use pigment 
powders they should be ground into a small quantity of resin 
and then mixed with the bulk of the resin. It is, however, 
more common to use polyester pigment pastes which are a 
fine dispersion of suitable pigments milled into a polyester 
resin. Pigments milled into a plasticiser should not be used 
where maximum water resistance is required. 


FILLERS 
Inert fillers are added to the resin system for a variety of 
reasons, the most important of which are: — 


(1) To reduce the cost of the moulding. 
(2) To facilitate the moulding process. 
(3) To impart specific properties to a moulding. 

The Society’s Plastic Yacht Rules allow the use of fillers 
in the structural laminate. The amount of filler is restricted 
to not more than 25 per cent of the weight of resin in the 
resin system so that the flexural and tensile strengths and the 
weathering resistance of the laminate will not be impaired. 
The filler must be of an approved type with the following 
properties : — 

(1) The filler should have no deleterious effect on the 
mechanical and physical properties of the laminate. 


(2) The filler should readily mix with the resin and the rise 
in viscosity should not be critical. 

(3) The filler particles should have the correct size and shape. 

(4) The filler should have a low oil absorption. 


To date, the only fillers approved by the Society, and indeed 
the only type used by the boat building industry, are the 
calcium carbonate group. Although the majority of yacht 
builders do not use fillers at all, several lifeboat builders have 
been using these materials for extending the resin for many 
years now. 

One application where fillers are an advantage is in 
laminating or casting thick sections such as the keel backbone 
in sailing yachts. Due to the build-up or thickness of these 
sections there is considerable exothermal heat in the laminate 
and the addition of a quantity, the Society permits 50 per 
cent, of filler will reduce the resin exotherm to a less critical 
temperature and prevent damage to the adjacent structure. 
The use of filler also restricts the shrinkage of the moulding 
as it lowers the exotherm and thus brings the thermal co- 
efficient of the resin closer to that of the glass fibres. 


REINFORCEMENTS 


In common with many thermosetting plastics, polyester 
resins have good compressive strength but relatively low 
stiffness, tensile and impact strength. The mechanical proper- 
ties can be improved by adding a reinforcement in the form 
of a strong textile fibre. The reinforcement invariably chosen 
is glass fibre, although other fibres such as asbestos fibre, 
canvas flax, etc., can be used. Certain man-made fibres are 
finding increasing use in laminates where special properties, 
such as abrasion resistance, are required. 

There are several reasons for the use of glass fibre as a 
reinforcement : — 

(1) Good mechanical strength. 

(2) Very stable under extremes of temperature and humidity. 
(3) Low water absorption. 

(4) Does not deteriorate or perish. 


Molten glass is drawn continuously at high speed from an 
electrically heated furnace through platinum bushings. As the 
individual filaments emerge from the bushings they are 
immediately bundled together to form a strand. A lubricant 
or size is applied to bind the individual filaments and reduce 
the abrasive effect of glass fibres rubbing on glass fibres. The 
strands are then bundled together to form roving, twisted into 
yarn for weaving or chopped to form mats. The manufacture 
of glass reinforcements is schematically shown in Fig. 2. 


ALKALI CONTENT OF THE GLASS FIBRES 


There are two types of glass fibres available. The first is a low 
alkali borosilicate glass commonly referred to as “E” glass, 
and the second type is one of the many lime-soda glasses with 
an alkali content varying from 8 to 15 per cent and known as 
“A” glass. The “E” glass, the alkali content is not more than 
| per cent, is desirable for laminates to withstand hot, humid 
conditions and immersion in water. Alkali glass, on the other 
hand, is more susceptible to moisture and chemical attack, 
and loses strength more easily under severe conditions. The 
alkali content can be distinguished by holding a fibre in a 
blue bunsen flame, the high alkali colours the flame orange. 
Certain sections of the industry have challenged the above 
claim for “E” glass and state that under normal workshop 
practice they have found no statistically significant difference 
in the water absorption properties of laminates made from 


the two glasses. The chemical nature of the glass may have an 
influence on the final properties of the laminate but this effect 
is completely overshadowed by variability due to other condi- 
tions during moulding. It is standard practice in the industry, 
however, to use “E” glass for boats and other marine applica- 
tions. 


Sizes, FINISHES AND BINDERS 


The terms size, finish and binder due to the nature of their 
functions are frequently confused. A size is a chemical treat- 
ment applied during the manufacture of glass filaments 
immediately after they are formed by drawing through the 
bushing orifices. A finish is a chemical treatment applied to a 
cloth after it is woven and cleaned. A binder is a bonding 
resin used to hold the chopped strands of glass fibre together 
in a mat or preform, during manufacture, handling and 
moulding. 

To obtain maximum physical properties from a glass fibre 
reinforced plastic, it is necessary that there should be good 
adhesion between the glass and the laminating resin, so that 
stresses may be transferred from fibre to fibre through the 
low modulus, low strength plastic matrix. This adhesion which 
is not good between glass and resin can be improved by using 
a treatment compatible with both, and this coupling agent 
must not be weakened by any operating condition to which 
the final laminate is subjected, the main one, of course, being 
water. This treatment, sizing with respect to mats and rovings 
and finishing with respect to cloths, is usually coatings of the 
methacrylato chromic chloride types or unsaturated hydrolysis 
products of vinyl trichlorosilane, known as “chrome” and 
“silane” respectively. Silane sizes and finishes on fibres are 
recommended in preference to chrome types for marine 
applications since greater wet strength is obtained. 

To weave glass filaments into cloth, it is necessary to coat 
them with a starch/oil type size to assist the weaving process 
and reduce the abrasion and breaking of the filaments. This 
size is chemically non-compatible with the glass and the resin 
and is detrimental to the bond between them. Therefore, cloth 
intended for high dry and wet strength laminates must be heat 
treated or chemically washed to remove the size, and a chemi- 
cally compatible finish, such as the “silane” or “chrome” is 
then applied. This sizing and removal is not required for mats 
and rovings and is one of the reasons why they are cheaper 
than cloths. 


CHOPPED STRAND MAT 


Chopped strand mat forms the low cost, general purpose 
reinforcement and is at present the most important form of 
glass reinforcement used by the boatbuilding industry to-day. 
The mat is composed of 1- to 2-inch long chopped strands of 
glass yarn which are bonded or held together in a random 
manner with a resinous binder. It is made in several grades, 
depending on the chemical nature of the glass and the type of 
binder used in the manufacturing process; the binder must 
neither accelerate nor inhibit the cure of the resin. In boat 
construction, mats are normally of low alkali glass and of a 
medium solubility binder which can be wetted out slowly 
enough to allow the mat to retain its strength during the early 
stages in the lay-up process. Chopped strand mat is manufac- 
tured in varying densities and usually specified in ounces per 
square foot (or grams per square metre), being available in 
weights of } to 3 ounces (225 to 900 grams). The 14+ and 2 
ounce (450 and 600 grams) mats are the most suitable for 
boat hull construction since maximum economical build-up 


can be achieved with required conformity to hull forms and 
ease of material handling. 
The advantages of mat reinforcements are: — 

(a) Low cost per square foot and thickness. 

(b) Equal physical properties in all directions. 

(c) Good interlaminar bond due to interlocking action of 
fibres. 

(d) Can be moulded or formed into moderately complex 
surfaces. 


ROVINGS 

Rovings consist of a number of continuous strands resem- 
bling a loosely untwisted rope and are the cheapest form of 
glass reinforcement. As the glass strands have a maximum 
orientation, all the filaments being parallel, rovings are used 
to produce mouldings with physical properties in one direc- 
tion only. Rovings are specified by the number of strands or 
ends, 60 ends being the most common, and are prepared for 
use by being wound into a cylindrical package, referred to as 
a cheese. 

Rovings are finding increasing use in the new techniques 
recently developed for spray moulding, where rovings may be 
drawn from up to six cheeses simultaneously, cut, and sprayed 
on to the moulding. Rovings are also used in the filament 
winding process where the rovings are led through a resin 
bath and mechanically wound on to the rotating mould or 
former to produce pipes, tanks, etc. 


WOVEN ROVINGS 


A special grade of rovings have been developed for weaving 
into heavy fabrics. The flattened bundles of rovings, about 
1/16 to 1/4 in. wide, are not twisted or spun as in cloths, but 
woven as strands into a plain square pattern. A number of 
different weave patterns are available ranging in weight from 
6 to 29 ounces per square yard (200 to 960 grams per square 
metre). Such fabrics are cheaper than the more conventional 
cloths because no yarn preparation, heat treatment and finish- 
ing processes are necessary. Woven rovings form a reinforce- 
ment intermediate between chopped strand mats and the 
woven cloths in both properties and cost. This material will 
find an increasing use in boat construction in the larger hulls 
adopting a laminate construction formed by alternate layers 
of woven rovings and mats. 

The advantages of woven rovings are: — 

(a) Good drapeability and handling characteristics. 

(b) Provides a high glass content per ply. 

(c) Has high directional physical strength and moduli for 
orientation in highly stressed areas. 

Has high resistance to impact due to the great number 
of untwisted strands in the individual bundles. 

The disadvantages are: 
(a) The material is difficult to wet out and has poor inter- 
laminar adhesion. 

The coarse weave tends to trap air bubbles and form 
voids which make the laminate porous. 

The coarse weave may also cause resin richness with its 
consequent troubles. 

The disadvantages mainly apply to the heavier grade of 
rovings in the 18 to 29 ounces (600 to 950 grams) range and 
are generally overcome by laminating a layer of 1 or 13 
ounces (300 or 450 grams) mat, which has a high resin pick-up 
alternately with the layers of rovings. 


(d) 


(b) 


(c) 
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CLOTHS 


Woven cloths are, at present, not used to any great extent 
in boat construction in this country. The woven ctoth, 
although it has better mechanical properties, does not com- 
pare economically with chopped strand mat. Many types of 
fabrics are available for plastic reinforcement. These vary in 
weight, thickness, type of yarn, numbers of yarn used in 
the warp and weft directions and finally the type of weave 
employed. 

TAPES 

Woven cloth tapes, up to 2 in. wide, are available for use 
where high directional properties are required. Uni-directional 
tapes consisting of continuous rovings lightly woven to form 
a tape have a great potential in boat construction where they 
are used in frames and other stiffening members. The high 
tensile strength of the uni-directional rovings is used in the 
face area of the stiffening member and allows a member of a 
smaller web depth to be used. 


SURFACING Mats 

Surfacing or overlay mat is a tissue of staple glass fibres 
bonded together with a soluble binder to give a membrane 
to reinforce resin rich surfaces where it overcomes the various 
difficulties associated with gel coats. This material or a light 
acrylic fibre tissue may be used to improve the internal gel 
coat in water and fuel tanks and also because of its smoother 
finish it may be used as the final layer in the cabin area of 
the hull and superstructure. 


THE CONTACT MOULDING PROCESS 


Several moulding methods have been used for boat con- 
struction, each with its distinct advantages and disadvantages. 
The method adopted for a particular boat construction is 
mainly dependent on the size of boat, production rate, total 
production and the costs involved. The contact process is by 
far the most widely used. The other processes are the vacuum 
bag, pressure bag, autoclave and matched die methods, and 
these are normally only used for moulding the small runabout 
where the production run justifies the cost of tooling up. 


Glass Content 
‘he 
27 
37 
42 
47 
50 


Moulding Pressure | 
p.s.i. 
0 
14 
20— 50 
50—100 
50—170 


Moulding Process 


Contact 


Vacuum Bag 
Pressure Bag 
Autoclave 

Matched Die 


The moulding processes in the above table are listed in 
order of working pressure and hence order of tooling-up costs. 
The percentage glass content of the laminate increases 
according to the pressure, and consequently gives higher 
strength figures. The relationship between glass content and 
strengths for chopped strand mat reinforced laminates is 
shown in Fig. 3. The internal surface of a contact moulded 
hull is rough and uneven, but as the pressure increases the 
internal surface finish improves until, with the matched die 
method, both surfaces have identical finish. 

The contact or hand lay-up method is simply the laying up 
of plies of resin-impregnated glass reinforcement in an open 
mould of the desired hull form and allowing the laminate to 


set and cure at room temperature. With this method the 
equipment and mould costs are at a minimum, but the quality 
of the final product depends greatly on the skill of the 
moulder and the laminating conditions. With care and reason- 
able facilities, however, good results are achieved and hull 
and deck structures are made of a size and complexity which 
could not be achieved with other methods. There is a varia- 
tion of the contact process becoming increasingly popular, 
where resin and glass are simultaneously sprayed on to the 
mould instead of being hand laid, and the resulting blanket 
of resinated fibres is consolidated by rolling as with the hand 
lay-up. This variation is known as the “spray-up” technique 
as opposed to the “hand lay-up” technique, both of which 
form the “contact” moulding process. 

This section will deal more fully with this method as it is 
in general application for boats and other engineering com- 
ponents. To do this it is proposed to follow through the con- 
struction of a boat hull, and the same procedure is followed 
out in the construction of the decks, bulkheads, superstruc- 
tures, etc. 


MouLD 

The hull mould is nearly always of the female type in 
order to produce a good outside finish on the hull. This out- 
side finish on the laminated hull is complementary to the 
finish on the mould, and it is therefore essential to produce 
as fine a finish as is possible on both the master pattern and 
the female mould. Male moulds are generally used for com- 
ponents such as water, fuel and chemical tanks where the 
superior finish and resistance of the gel coat is desirable on 
the interior. 

The construction of the mould is dependent on the number 
of mouldings to be taken off the mould. In the case of proto- 
types and where only a limited number is to be produced, 
the mould material is generally of wood, but where a large 
number is involved, such as a production run, the mould 
would probably be of glass reinforced polyester. In this case 
a male master pattern is made of wood, plaster or other suit- 
able material and the surface filled with shellac varnish 
or furane resin and highly polished. After the master has been 
treated with a release agent the production mould is laminated 
over the master pattern in the same way described later for 
moulding the hull. When the mould has fully cured it is then 
removed from the pattern and mounted in a framework suffi- 
ciently strong and rigid to maintain the hull form during the 
moulding process and during the transfer about the shop 
floor. 

To assist in the removal of the hull after moulding, the 
mould is normally conveniently split along the hull centreline 
and maybe along the transom boundary. The split line 
normally leaves a resin flash which can be rubbed down, but 
where it is convenient the joints may be arranged where the 
flash is covered by a keel band, rubbing strip, etc. For ease in 
handling and assembly, the mould is often fitted with castors 
and an adequate number of locating spigots to obtain the 
correct alignment of the half moulds. Sometimes the mould 
is mounted on a longitudinally rotating jig so that it can be 
rotated for ease in application of resin and glass on what 
would be otherwise vertical surfaces. Sufficient staging is 
provided both outside and inside to allow the moulders to 
carry out the laminating process comfortably. 


RELEASE AGENTS 
To facilitate separation of the moulding from the mould a 
suitable release agent is applied evenly over the working 
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surface of the mould. The most common agent is a hard wax 
(Simoniz is extremely popular in this country and overseas) 
which may be the sole release agent on epoxy moulds and 
on easily releasing polyester moulds. On wood and some 
polyester moulds it is necessary to adopt the “two-stage 
release” with a hard wax or wax emulsion as the secondary 
release in association with a primary release agent of poly- 
vynil alcohol (PVA) in a water solution. The surfaces of 
wood moulds have to be treated with a suitable sealer, such as 
furane resin, before the application of the release agents. The 
flat laminates for bulkheads, floors, tank divisions, etc., are 
either laid-up on a glass or plastic-topped bench or a wax or 
cellophane release film is used. 

Dyestuffs can be added to the PVA to produce a coloured 
release film which is easier to inspect and ensure that un- 
treated surface areas of the mould will not remain undetected. 
The effect of such a dyestuff in the release agent should be 
checked before being adopted, to ensure that it is not soluble 
in the gel coat resin and will not tint the moulding, particu- 
larly if the gel coat is white or a pastel shade. 

Domestic wax polish should not be used as many contain 
solvents, such as white spirit, which do not readily dry out 
and this can cause a tacky moulding surface. Certain soft 
waxes may also be included in these polishes which will be 
attacked by the resin monomer and thus cause serious mould 
sticking. When applying a gel coat to a mould surface coated 
with such a polish, the soft waxes may dissolve in the resin to 
such an extent that adhesion between the gel coat and subse- 
quent layers of the laminate is considerably impaired. Polishes 
containing silicones should always be avoided, particularly 
when the moulding is to be painted. 

When mouldings have to be finally painted, all traces of 
the release agent are to be completely removed from the 
moulding surface. Even with efficient degreasing agents this 
is sometimes difficult when wax has been used and in such 
cases a “two stage release” should be used. All traces of 
these release agents are easily removed by washing down with 
plenty of warm water. 


Get Coat 


Polyester resins shrink during polymerisation and although 
the shrinkage is small, it is often sufficient to leave the texture 
of the reinforcement visible on the surface of the moulding. 
Before laminating is commenced a gel coat is applied to hide 
this fibre pattern and produce a completely smooth surface 
finish. Also the water and oil resistance of a laminate is 
greatly improved by the gel coat as it forms a barrier which 
seals off the otherwise exposed ends of the fibres to prevent 
the liquid from penetrating the laminate by capillary action. 

The gel coat resin mix may be based on the normal laminating 
resin suitably formulated by the moulder for viscosity, pig- 
mentation, etc. As this resin may tend to be brittle and shatter 
easily when under tension, it is common practice to reinforce 
the gel with a layer of surfacing tissue or cloth which is laid 
into the top gel coat. Alternatively, the normal laminating 
resin can be modified by the addition of a flexible resin to 
give a resulting more flexible gel coat which can better with- 
stand impact. This latter method does not require a light 
reinforcement in the gel coat and the first laminate can be 
applied directly on to the gel. The majority of manufacturers 
now produce fully formulated gel coat resins in a range of 
colours, and as these resins have the correct ratio of flexible 
to rigid resin, a small amount of filler to reduce shrinkage 


and the colour pigments, all fully dispersed, they are gener- 
ally superior to that produced by the moulder himself. 

The gel coat may be applied in two coats if necessary to 
obtain a uniform and solid colour, the second coat being 
applied just as the first coat has set and while it is still tacky. 
The top coat is allowed to gel and reach an almost tack-free 
condition before the laying-up process is started. The resin 
may be applied by a brush or spray, the viscosity being 
adjusted to give an even coat and ensure that the resin does 
not run or drain off the mould sides. The viscosity may be 
increased by a the addition of a less viscous grade of the basic 
resin or by the addition of a thixotropic agent as previously 
described. 


MOULDING 


The mould is thoroughly cleaned and polished to a high 
gloss and the wax secondary release agent is dabbed lightly 
over the surface. After leaving for a few minutes to dry, 
it is then polished with a clean cloth. A film of PVA solution 
is applied evenly with a soft clean sponge over the dust free 
surface and sufficient time is allowed for the water to 
evaporate and the film to dry. 

The gel coat resin mix has previously been prepared with 
the accelerator and other additives thoroughly mixed in the 
resin and the catalyst just remains to be added. When ready, 
the mix is catalysed and issued to the operators in about one 
pound lots, which is just as much as can be applied by brush 
before the viscosity rises and the resin becomes unworkable. 
This process is repeated until the gel coat has been applied 
over the entire mould. 

When the second gel coat is touch-dry, and the surfacing 
mat applied if required, the laminating mix based on a 
medium or low viscosity resin is liberally brushed or sprayed 
on to a section of the mould and the pre-cut glass reinforce- 
ment placed in position. Thorough impregnation is achieved 
by using suitable squeegee rollers, care being taken to ensure 
that the gel is completely backed up and that all air pockets 
are removed, as this is a source of many troubles and laminate 
failures. With mat the resin tends to come up through it and 
bring out entrapped air as rolling proceeds. The resin dissolves 
the mat binder and filament size and after a short time 
springiness is lost and the strands “bed down” and knit 
together at lapped seams and joints. The glass reinforcement 
is cut into manageable pieces about a yard square, and 
tailored to fit the mould. Further pieces of reinforcement are 
applied and impregnated until the mould is entirely covered 
and the first layer is complete. Subsequent layers are then 
built up until the required thickness is reached. In the hull 
lay-up the use of constant size pieces assists the operators in 
maintaining the correct resin to glass ratio. 

The hull framing, i.e. transverse frames or longitudinals 
are generally built up in situ, the formers or cores being posi- 
tioned on the final or second last layer of hull reinforcement 
and the stiffener built up layer upon layer over the former 
or core. While the hull lay-up is progressing, bulkheads, floors, 
tank assemblies, etc., are being similary moulded on nearby 
workbenches, trimmed to shape and presented to the hull 
when ready and then bonded-in with resin and glass angles 
built up in position. 

When making large hulls it is generally not possible to lay 
up more than one thickness of reinforcement before the resin 
gels. Resins are designed so that complete bonding is possible 
between layers, even if the lower ply has already cured, pro- 
vided not more than 48 hours have elapsed between one layer 


and the next. If the delay between layers is excessive, the 
cured layer may have to be abraded to improve the bond 
with the next layer. The moulding should be left in the mould 
until fully set, then it can be removed without damage and 
allowed to mature or be post-cured by heat. 


CURING 

With cold setting polyester resins, polymerisation continues 
slowly for some time after the resin has set. The addition of 
the catalyst and accelerator to the resin system cause the 
necessary reaction which produces sufficient heat to cure the 
moulding. By increasing the accelerator content, the reaction 
and consequent heat can be increased and a faster cure 
achieved. On the other hand a slow cure may be desired to 
extend the bonding period. Unless the resin is fully cured, the 
physical and mechanical properties will be inferior. Full cure 
of the moulding can only be achieved if the laminating is 
carried out under controlled conditions of temperature and 
humidity. 

The hull moulding should be left in the mould for at least 
24 hours before being released and then left to mature for at 
least two weeks under the controlled conditions. Sometimes 
the resins will take three or four weeks to reach full maturity. 

If the completed moulding is subjected to a post-heat, a 
faster curing cycle and superior properties are obtained. The 
heat may be applied by heaters adjacent or built on to the 
mould, or by using banks of infra-red lamps or by placing 
the boat in a large hot room or oven. Boat hulls are not 
generally subjected to post-cure temperatures exceeding 60° C. 
(140° F.), and this heating is built-up from room temperature 
over several hours. Typical maximum values of post-cure used 
where quick turnover of moulds is required are as follows: — 


Temperature el 30 40 50 60 70 80 
SIRE 86 104 122 140 158 176 
Time in hours 30 16 10 6 4 3 


RESIN SPRAYING 

The moulding process can be speeded up by using a spray 
gun in applying the gel coat and the laminating resin. Resin 
spraying, however, is not in common use, possibly due to 
certain problems that are encountered. 

Firstly, if the spraying operation is not continuous repeti- 
tion work but is an intermittent application, there is a risk of 
catalysed and accelerated resin gelling in the gun. This can 
be overcome by the use of a duplex gun, preferably of a type 
enabling the operator to divide the resin into two equal 
quantities. One half will contain all the catalyst whilst the 
accelerator is in the other half. By this means the two liquids 
of similar viscosities will be blended at the nozzles in a simple 
1:1 ratio to give efficient mixing and control of the setting 
time. There is always the possibility, however, of insufficient 
mixing of the resin streams which may result in permanent 
undercure of the resin system. Secondly, evaporation of 
monomer can be serious unless a coarse spray is used. A low 
air pressure is necessary to produce a coarse spray and to 
minimise the amount of air carried into the laminate with the 
resin. A practice is the addition of a little extra styrene 
monomer to compensate for that lost and as this amount will 
vary according to the conditions, it is as well to check on the 
amount lost before deciding upon the quantity to be added. 
Resin viscosity and the percentage of monomer are more 
critical in spray techniques than for brush and roller applica- 
tion and close co-operation between the moulder and resin 
supplier is necessary. 


“SPRAY-UP” TECHNIQUE 


Spray moulding is a recent development and forms a signifi- 
cant advance in the mechanisation of reinforced plastics. 
Various sets of equipment are now available to enable the 
moulder to deposit chopped glass rovings and resin simul- 
taneously as an alternative to the hand laying-up of chopped 
strand mat. Equipment varies in complexity and cost, but 
most employ compressed air to spray streams of catalysed 
resin and accelerated resin from a twin-headed spray gun 
attached to a glass cutter which chops the rovings and blows 
them through the resin streams and on to the mould. The 
operator will traverse all or part of the mould with the resin 
and fibre deposit and then roll to complete the fibre wetting 
and remove the air. Advantages are that the raw material cost 
can be lower as rovings are cheaper than mats, and providing 
the equipment is used with skill, wastage of reinforcement can 
be very small. The moulding time is considerably reduced 
below the hand lay-up time. 

The length and quantity of fibres can be regulated as 
desired, as can the amount of resin to give a predetermined 
glass to resin ratio of between 2:1 and 3:1. The glass fibres 
are preferably between 14 to 2 in. long and the deposition 
rate is dependent on the number of rovings fed into the 
machine ; a rate of 5 lb. per minute is considered fast enough 
in boat construction. The laminate is built up by increasing 
the number of passes, each spray pass depositing between 
14 to 2 ounces of glass. After each pass the laminate is 
rolled, compressed and freed of air bubbles. As the fibres 
are already coated with resin before they reach the mould 
surface, this is a relatively easier task than with the mats, so 
mohair rollers are sometimes used in place of the metal rollers 
necessary with mat reinforcements. Often the depositer is in 
continuous operation and two or more moulders are required 
to follow up the spray gun and consolidate the laminate. 

A disadvantage of the process is that the control of strand 
distribution is dependent on the skill of the operator. Coloured 
marker yarns are available to feed with the rovings and give 
an indication of the uniformity of deposition. These markers 
or tracers are not very often used as a trained operator can 
deposit layers of consistent weight, but what is probably more 
important is the availability of sufficient trained operators to 
maintain the equipment in continuous operation. Another 
criticism is that up till now troubles have been experienced 


with blockages of the resin control valves, but the manufac- 
turers are constantly improving the equipment and such 
troubles should disappear. A simple blockage can be a serious 
matter as production will be stopped until the equipment has 
been repaired or serviced ; even if sufficient mat material was 
in stock, or could be obtained quickly, the moulding personnel 
will have lost their hand lay-up technique and be much slower. 

As the success of resin and glass depositors is dependent on 
cleanliness, great pains are taken with the cleaning of the 
resin spray heads, feed lines and reservoirs. This task takes 
about two hours per day and it is on account of this and the 
troubles due to resin stoppages that many moulders have 
stopped using this equipment and returned to the more 
laborious method of hand lay-up. For spray-up techniques to 
prove economical, the equipment is to be used as much as 
possible with the same resin system to avoid any unnecessary 
cleaning. These are only temporary setbacks as improvements 
by the resin and equipment manufacturers are bound to bring 
this technique into popular use. 
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APPENDIX A 


GLOSSARY OF TERMS 


(For a more complete “Glossary of Terms used in the Plastic 
Industry”, see British Standard 1755). 


ACCELERATOR—A substance which increases catalytically the 
hardening rate of a synthetic resin. It must always be 
used with a catalyst. 


CataLyst—A chemical compound which initiates polymerisa- 
tion of a resin. A catalyst can be used without an 
accelerator, but not vice versa. 


Coitp Moutpinc—A manufacturing process in which the 
moulding composition is shaped in a mould at normal 
room temperature and is subsequently hardened after 
removal from the mould by chemical action with or 
without the application of heat. 


Contract LAMINATING—A manufacturing process of laminated 
plastics in which the applied moulding pressure does not 
exceed that necessary to ensure contact between lamina- 
tions. 


CuRING TIME (MOULDING TIME)—The time taken from the 
addition of the accelerator until the resin polymerises to 
the full extent. 


DELAMINATION—Breakdown of the structure of the laminate 
by the separation of the layers. 


EXOTHERM—The rise in temperature which results from a 
chemical reaction where heat is liberated. 


FILLER—An inert solid substance which is added to a syn- 
thetic resin to modify its properties. 


GELLING TIME (SETTING T1imME)—The time taken for a resin 
to set to a non-fluid gel state. 


INHIBITION BY AIR—If the surface of certain polyester resins 
is exposed to air during cure, a permanently tacky surface 
will result and full cure will not be reached. 


INHIBITOR—A_ material which affects the polymerisation 
preventing either partially or fully the cure of the resin. 


MATURING TiME—The time taken for an apparently fully 
cured resin to become completely stable. 


MoONOMER—A substance composed of molecules which are 
capable of reacting with like or unlike molecules to form 
polymers. 


POLYMER—A substance composed of very large molecules 
which consist essentially of recurring structural units. 


POLYMERISATION—A_ formation of polymer from 


molecules. 


simple 


Post-Heat—Application of indirect heat after moulding to 
complete, or accelerate, cure of a resin. 


Por Lire—The time, at room temperature, that a catalysed 
resin is usable. 


RETARDER—A material which slows down the rate of cure of 
a resin. 


SHELF LireE—The maximum storage life for which a material 
remains usable. 


THIXOoTROPY—The condition of fluid of high apparent viscosity 
which when stirred or agitated becomes a mobile liquid. 


UNpeRCURE—A condition in the moulding process which 
arises when insufficient time and/or temperature has 
been allowed for adequate thermal hardening of the 
laminate. 


PART II—WORKSHOP CONDITIONS 


GENERAL CONDITIONS 


The moulding of plastic boat hulls should be carried out 
under controlled conditions if high quality work is to be 
guaranteed and consistently maintained. These conditions are 
of vital importance if the resin is to completely cure and 
reach its maximum mechanical properties. The following 
notes attempt to indicate acceptable workshop conditions and 
also those existing in some moulding shops. It is not possible 
to lay down hard and fast requirements for works conditions 
as each works must be considered individually, taking into 
account its lay-out, type of production, the local climate 
conditions, etc. 

Plastic works can be divided into two sections; the plastic 
section comprising the moulding shop and its associated shops 
and stores handling the resins and reinforcements; the other 
section is the fitting-out side and comprises the fitting-out shed, 
usually referred to as the boat shop, and its wood-machining 
shop, paint and general stores and a machine or fitters’ shop. 
This latter section will, of course, not be found at those works 
which only mould hulls and then pass them to boatbuilders 
for completion. This paper will only deal with the workshop 
conditions of the plastic section. These conditions also only 
refer specifically to boatyards where the moulding work is 
carried out in a building, as in some countries the temperature 
and humidity and other climatic conditions may allow the 
work to be carried out in an open shed or even in the open 
‘air. The lay-out and facilities of the plastic section will be 
dependent on the type of production. For instance, separate 
rooms are provided for the gel spraying, trimming and post- 
curing operations in works which mould runabouts on a 
production line basis, but are not usually fitted in works 
moulding the larger hulls. 

The early development of plastic boatbuilding in the United 
Kingdom was carried out by a few established boatyards, 
mainly lifeboat builders. These firms generally converted an 
old shed into a moulding shop and success came with experi- 
ence after much trial and error. Many of these early firms are 
still moulding under comparatively poor conditions and have 
made few improvements to their premises. The lifeboat 
industry is now so competitive that some of the firms are 
unable to improve their conditions and facilities. Lifeboats 
are relatively simple to mould and due to the short moulding 
cycle, the work conditions are more flexible than for yacht 
building. The majority of yacht builders came into the plastic 
business only a few years ago. By this time the resin manufac- 
turers had established technical sales staff and the boatbuilder 
had no problem in finding the “know-how” to allow him to 
start production with only a minimum of development work. 
Consequently, many of the more recent yacht builders enter- 
ing the plastics field have been able to erect new well- 
equipped moulding shops. 


STAFFING 


The works should have adequate supervisory staff and 
competent moulders capable of maintaining high quality work. 
The number of moulders in a plastic boatyard is very small 
and the absence of a foreman or team leader can upset the 
smooth working of the shop. For a yard moulding one 30-ft. 
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hull per week the staff may be as few as: — 
1 Foreman 
3 Moulders 
| Mixer 
1 Labourer 


It is most important that the resin preparation is carried 
out, or constantly supervised, by a responsible person. Many 
a firm has underestimated the importance of this task and 
for a few shillings extra in wages they would have saved a 
few pounds on materials otherwise wasted. In many cases 
the foreman is responsible for the bulk mixing and the 
individual moulders add the catalyst. Sometimes one man is 
responsible for all resin formulation and for cleaning shop 
equipment. In firms using the spray-up method, there should 
be several moulders skilled with the equipment available to 
take the place of the regular operator. 

FitriNG-Our 

The hull should have reached a satisfactory stage of cure 
before leaving the moulding shop conditions and sufficient 
space should be provided for this purpose, particularly in 
works moulding a large number of hulls. 

If the fitting-out area is within the same building and 
adjacent to the moulding shop, suitable precautions should be 
taken against dust contamination of the moulding shop 
atmosphere. Similarly, if a hull is fitted-out in the moulding 
shop, cutting, sanding and other material working should only 
be carried out if the dust extraction arrangements are satis- 
factory. When the hull is transferred to an area outwith the 
moulding shop, the bonding-in of structural members such as 
plywood bulkheads and joining of the hull and deck units, 
should only be done provided the arrangements ensure satis- 
factory cure conditions. 


MOULDING SHOP 


BUILDING CONSTRUCTION 


The moulding shop may be one or more bays of a larger 
works or may be a separate building with or without attached 
structures. The external walls may be of brick, asbestos 
cement sheeting or other similar weather resistant material in 
association with a substantially framed structure of steel, 
reinforced concrete or timber. The wall structure can have 
insulating properties such as cavity brick construction and 
the precast cavity blocks which are becoming quite common. 
The roof of the building is normally covered with asbestos 
cement sheeting carried on similar framing to the walls. 
Corrugated steel sheeting is also used but invariably has to 
be insulated against solar heat and/or heat losses and pro- 
tected against sweating, whereas aluminium sheeting has better 
heat reflecting properties and therefore requires less insula- 
tion. Sometimes the roof girders are increased in strength to 
carry additional loads from handling equipment, such as 
pulley blocks used to lift the moulding from the mould and 
transfer it about the shop floor. 

In extremely cold climates a shop is often erected within 
the fabric of another building. This type of inner building is 
not normally of substantial construction. The walls may be 


of an inexpensive sheet material supported on a timber or 
steel framework and protected in way of doors, benches and 
other areas where the sheeting is liable to damage. A roof of 
similar material is slung from the underside of the roof of the 
main building or where height permits, it may be lowered to 
form a false ceiling to reduce the shop volume and economise 
in heating. This structure is often used where a very large 
building, such as a redundant aircraft hangar, is available as 
this would be very costly to heat and insulate to the necessary 
standard. In such cases, the inner building sometimes has 
consisted of a double layer of polythene sheeting stretched 
over a timber or tubular steel framework and fitted with 
plywood or wire netting protection in places where liable to 
damage. This scheme permits the existing lighting to be used 
and is both economical and flexible in arrangement. Divisions, 
similarly constructed, may be used to subdivide a shop but 
too many divisions may lead to difficulties in availability of 
moulding floor space for production purposes, control of 
labour, etc. 

The floor should be of a damp-proof and dust free material 
such as concrete or bituminous composition. The material 
should be damp-proof to prevent moisture rising from out 
of the ground or not to hold any water used in cleaning down 
the shop as both of these will increase the humidity. Where 
the nature of the soil prevents a concrete floor from being 
laid in situ, it may be formed of precast slabs or tiles but 
will be difficult to keep clean as the slabs are liable to settle- 
ment. Timber floors are also used but are more difficult to 
clean and require a damp-proof material underneath. The 
boarding should be in good condition with the joints reason- 
ably closed and treated with a dust- and damp-proof sealer. 
If the moulding shop is on the upper storey of a building, the 
timber floor should be lined underneath if the shop below is 
relatively cold. Several of the older shops that were once used 
for wooden boatbuilding still retain the sparred wood floor, 
but this is entirely unsatisfactory as all the scrap or waste 
thrown on to the floor, falls through and either is a dirt hazard 
or insulates the heating pipes which may run underneath the 
floor. Such a floor is also a danger to the moulder when he 
is working at full arms reach as he may slip or trip with 
consequent injury to the man and damage to the work. 

Windows and doors are as close fitting as practicable to 
keep out draughts, rain and spray, particularly where the 
works are on exposed sites. Windows are normally fixed as a 
precaution against draughts and loss of heat. In types of 
construction such as with asbestos cement sheeting buildings, 
the joints in the various building panels and the gaps at the 
eaves and floor are filled with materials such as mortar, 
mineral wool, fibreboard, etc. 

Attention is also paid to the drainage of any adjacent higher 
lying ground as the arrangements may not be adequate to 
cope with heavy rain which may overflow into the building 
and damage work and materials, apart from its effect on the 
building structure. The gutterways and downpipes from the 
building itself and particularly valleys formed by attached 
buildings will also have to cope with rainstorms, snow, etc. 


INSULATION 


The insulation’s function is to assist the heating or air 
conditioning plants in maintaining a satisfactory working 
temperature. It also serves to restrict the drop or rise in this 
temperature, should these plants be temporarily or partly 
closed down due to breakdown or to economic operating 
reasons. The standard of insulation is not laid down in the 
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Society’s requirements as the real criterion is that the required 
working temperature is maintained and any deficiency in 
insulation has to be met by an increased use of the heating 
or air conditioning plants or by fitting larger plants than 
otherwise would be required. 

In moderate climates such as in the United Kingdom and 
Low Countries, brickwork and cavity walls are adequate, 
but some insulation may be required with corrugated iron 
and asbestos cement sheeting construction. The usual 
practice is to line the walls with asbestos cement sheets, fibre- 
boards, polystyrene, etc., to form a sealed air space. The 
underside of the roof often has a similar lining or may be 
coated with sprayed asbestos fibre, both of which prevent a 
temperature increase due to solar heat or a loss due to winter 
conditions. In colder climates the amount of insulation is 
increased until in the extremely cold climates the inner build- 
ing as previously mentioned is necessary. In the very warm 
climates the shop is similarly insulated against heat and full 
use is made of heat-reflecting materials such as foil-faced 
insulation boards and corrugated alloy sheetings. 

The extent of insulation fitted to a building, also with each 
wall and roof, is dependent on its position with respect to 
prevailing cold winds, strong summer sun, etc., as well as to 
protection afforded by any neighbouring buildings. The win- 
dows, roof-lights and external doors may also require to be of 
insulated construction. 

The following table gives an approximate guide to the rate 
at which heat escapes through the various wall and roof 
materials, the “U” value is expressed in Btu/sq.ft./hr./° F. 
difference in air temperature : — 


Material Typical “U” Value 


Corrugated iron ... yf: fF 1:50 
Above with | in. sprayed asbestos 0:22 
Corrugated asbestos cement sheeting ... 1-40 
Above with + in. fibreboard and air space 0°31 
Combined asbestos cement sheeting 07 
44 in. brickwork 0°64 
9 in. brickwork 0°47 
11 in. brickwork 0°32 
11 in. cavity wall Be 3 0:29 
6 in. concrete with asphalt surface 0°64 
Glass 1:00 


HEATING SYSTEM 

The heating plant should be capable of maintaining the 
temperature in the moulding area of the shop within the 
required range during the coldest weather. The range 18°C. 
to 21°C. (65° F. to 70° F.) is regarded as the most suitable 
temperature for hand lay-up moulding and is recommended 
by most of the resin manufacturers. In the larger shops, par- 
ticularly during cold weather, it may not be possible to reach 
this range until well into the morning when a minimum tem- 
perature of 16° C. (60° F.) is acceptable. The shop tempera- 
ture may drop to about 10° C. (50° F.) after working hours 
and at weekends, provided the heating plant is started early 
enough on the working morning and that there is no risk of 
a “damp” building. 

There is a great variation in the type of heating plant and 
no type is a clear favourite. The low pressure steam or water 
systems are from a central boiler and distribute the heat by 
means of radiators, radiant panels, finned pipes, fan heaters, 
etc., attached to the walls and to the roof. These systems give 
a good uniform heat distribution and have a good degree of 
control but are slow in responding to changes in the shop 


temperature requirements. The use of the packaged oil-fired 
air heater is quite common and the hot air may be discharged 
directly from the unit into the shop or preferably, distributed 
by ducts throughout the shop. Often a recirculation duct is 
incorporated, drawing from the ventilation or dust extraction 
systems through a wet filter. Also with this type of plant, 
rather than fit a single large unit it may be preferable to use 
two smaller units cross-connected to give more flexible control 
for seasonal adjustments and also in case of breakdowns. The 
hot air system is less expensive and easier to install than the 
water and steam systems ; it does not give the same even heat 
distribution although it does have immediate response to 
changes in the thermostat control. Fixed electrical radiators 
are sometimes used as boosters to the main system or are 
fitted in positions where leads or ducts from the main system 
are not practicable. The heating panels, duct outlets, etc., are 
fitted in positions which ensure an even distribution of heat 
and also placed on the “cold” side of the shop and in way of 
external doors so as to compensate for any excessive heat 
losses. Fan heaters and air duct outlets are also arranged so 
that the hot air stream does not play directly on to the mould- 
ing work and cause undue evaporation of the styrene 
monomer. 

Where the outside winter temperature is normally below 
0° C. (32° F.) or where the building fabric is unable to retain 
the inside temperature at a satisfactory level for a reasonable 
period, an emergency means of heating should be available 
in the case of failure of the main heating plant. This may be 
achieved by using several smaller units rather than a large 
single unit as previously mentioned, fixed electrical heaters 
or by portable oil or electric radiators. It is quite common 
practice in the case of breakdown to confiscate the electric 
heaters from the administrative offices as a temporary 
measure until the necessary repairs have been made. These 
heaters can be used with polythene sheeting draped over the 
moulding work to retain the heat and so keep a satisfactory 
temperature or prevent it from dropping very quickly to a 
critical level 

The heating system is normally thermostatically controlled 
but often, particularly with the packaged air heater, it is also 
on manual control exercised by the foreman. The foreman 
generally never consults a thermometer but works to the 
“feel” of the atmosphere deciding when a little more heat is 
required or when the plant should be closed down a bit; this 
“feel” sometimes has a tendency to be governed by economy 
rather than by any thermometer reading. Nevertheless, thermo- 
stats, thermometers and the hygrometer should be fitted in 
fixed positions where a correct indication of the shop condi- 
tion can be obtained. These instruments should always be in 
fixed positions where they can be read without being handled, 
otherwise they will become so coated with resin from hand- 
ling that the figures will be indistinguishable and the instru- 
ments will fall out of use. 

Sometimes a “cold shop” method is used where the shop 
temperature is about 16°C. (60° F.) and additional heat is 
provided by infra-red or resistance heaters in way of the 
mould. The temperature is within the 18°C. to 21°C. 
(65° F. to 70°F.) range during the critical period of the 
application of the gel coat and the first layer after which it 
may fall to 16° C. (60° F.). Sufficient background space heat- 
ing is normally provided to maintain this minimum tempera- 
ture. The infra-red heaters are carefully positioned to give an 
even distribution of heat over the mould surface and to 
prevent over-heating of the surface. 


AIR CONDITIONING SYSTEM 

In warm climates, 22° C. (72° F.) is normally recognised 
as the upper limit of the working temperature range and the 
shop temperature may rise to 24° C. (75° F.) when moulding 
work is not being carried out. Where the outside temperature 
is usually well beyond this limit and an air conditioning 
system is fitted in association with a fully insulated shop, the 
conditioners are usually of the packaged-unit type and are so 
positioned to give an even distribution of cooled air over the 
moulding area. Sometimes a heating coil is incorporated into 
the unit for use during the winter months should the shop 
require to be heated. 

In moderate climates during the summer months the shop 
temperature at mid-day often rises to a critical level and the 
warm air in the roof of the shop is withdrawn by extractor 
fans or by suitably placed grids of the dust extractor system. 
Sometimes, the packaged oil-fired air-heater type of plant is 
used to blow the relatively cooler outside air through the shop 
or in the case of water or steam grids fitted with air or 
electric fans, cold water can be pumped through the system to 
turn the radiators into coolers. The air streams from the 
extractors or blowers should not blow over the moulding 
work causing undue styrene evaporation. 


Humiupity ContTro1 


If the relative humidity in the moulding shop exceeds 65 
per cent to 70 per cent, the glass fibres may pick up moisture 
which will affect the bond and subsequent cure of the 
laminate. In areas where the above figure is normally well 
exceeded, a dehumidifier will generally be fitted in association 
with the ventilating or heating systems but in the less critical 
areas the use of hot air heating systems, air blowers, radiators, 
etc., may suffice. Often the humidity is high during certain 
periods of the day, such as in the early morning, and air 
blowers may be used to clear the atmosphere before carrying 
out moulding. 

The majority of the smaller boatyards in the United 
Kingdom do not give humidity a thought and very few fit a 
hygrometer or a wet and dry bulb thermometer to provide 
the necessary check. The large firms, particularly those also 
moulding aircraft and engineering components, and the Con- 
tinental boatyards are, however, more humidity conscious. 
Several of the latter group have installed humidity recorders 
providing a complete weekly record which is available for the 
surveyors’ examination. 

The humidity level in the shop may rise due to a variety of 
reasons. During the weekend the shop may become cold and 
damp as the heating plant may be closed down and will 
“dry out” when the plant is restarted. One moulder experi- 
enced troubles which were attributed to the drying-out of a 
new concrete floor. The washing and cleaning facilities and 
also the ‘tea boiler” should be kept well clear of the mould- 
ing area and fitted in spaces provided with the necessary 
extractors to remove the water vapour. 


VENTILATION AND Dust EXTRACTION 


The shop atmosphere should be reasonably free from fumes 
and dust, as to permit comfortable and efficient working 
conditions. Up to about 5 per cent styrene is evaporated 
during moulding and for about six to eight hours afterwards. 
The fumes are heavier than air and have to be drawn from 
the mould to the roof of the shop. The higher the roof, there- 
fore, the less air changes are required. The ventilation system, 


which is generally several propeller exhaust fans positioned 
along the roof, may be required to remove solar heat during 
the summer months. Adequate ventilation should be provided 
in the area where spraying is being carried out; often a 
separate room is provided for spraying of the gel coats. The 
ventilation should not play on the moulding work and cause 
undue evaporation and also any excess ventilation should 
not put a heavy load on to the heating or air conditioning 
plant. If a separate area or room is used for sanding and 
trimming, the ventilation should be of the down-draught type 
supply and/or floor extraction so as to pull the resin dust 
away from the workman. Doors and windows should not be 
used for ventilation as they will give rise to draughts and the 
temperature control will be lost. 


Dust extraction plant may be required, depending on the 
amount of dust created by trimming, woodworking, etc., that 
is carried out within the moulding area, as dust will retard and 
often inhibit the resin cure. A completely trunked system may 
be used with flexible suction ducts that can be held immedi- 
ately over the cutting tool or a simple system consisting of a 
canvas snake connected to one of the exhaust fans in the roof 
may be adequate. Small portable vacuum cleaners of the 
“dustette” type are useful for dust extraction as well as for 
cleaning down the moulds prior to the applications of the 
release agents and the gel coat. Air hoses should not be used 
for cleaning within the moulding area. A limited amount of 
sanding-down, abrading and trimming can be carried out in 
the moulding area without dust extraction plant, provided no 
moulding is in progress in the area, or is postponed until the 
dust has settled. Such dust must be removed from all surfaces 
prior to recommencement of moulding. 


LIGHTING 

The shop should be adequately illuminated at moulding 
level by either natural or artificial lighting or by a combina- 
tion of both. The windows and roof lights on the weather side 
of the building may give rise to possible heat losses during 
the winter but the fitting of double glazing will considerably 
reduce such losses. On the other side of the building, however, 
the risk is from direct sunlight which, if allowed to play on 
moulding work and on the resin mixes, will tend to cause 
premature gelling and excessive evaporation of the styrene, 
both of which may cause permanent undercure. The general 
practice for double glazing is to use transparent polythene 
sheeting fitted in portable frames or simply draped as curtains 
over the windows, the sheeting being removed when not 
required. The same method but with tinted sheeting is used 
to give diffused sunlight. Some firms simply whitewash the 
roof lights and windows during the summer but this method 
suffers from insufficient natural light on dull days. Increasing 
use is being made of translucent polyester sheeting for roof 
lights and windows, and because of its better insulating 
properties, it may dispense with the need for double glazing 
in certain cases. 


Fluorescent lighting is always installed well above the 
surface of the mould since this has been known to affect the 
resin system due to the ultra-violet content of the radiation 
as also is the case of the direct sunlight. Additional lights, 
floods, etc., should be available to supplement the existing 
lighting if required by the shape and position of the moulding 
work. Areas of the shop where surface inspection is being 
carried out should be well illuminated and the necessary 
inspection lamps available. 
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ELECTRICAL AND COMPRESSED AIR SYSTEMS 

The number of power points, is, of course, dependent on 
the tools being used but as many as practicable should be 
provided to allow short cable or hose leads. The short leads 
will give better and easier handling of the equipment and will 
also result in a cleaner and less obstructed shop floor. The 
cables and hoses of equipment which are not in constant use 
should be coiled up and hung from stowage hooks and not 
left lying around the floor. 

Electrical points should be available for the emergency 
heaters or air conditioners required if the main plant fails. 
Equipment for resin spraying and spray-up moulding may 
require its own compressor drawing from the moulding shop 
atmosphere as the air from main works plant may be wet. 


ACCESS TO THE SHOP 

The main shop doors should be large enough to allow the 
boats to be removed by handling equipment without the risk 
of damage. Steel doors are normally insulated to prevent heat 
losses or gains, particularly if on the weather side of the 
building. The doors may be insulated with fibreboard or 
simply by draping a heavy canvas curtain. In cold climates 
an air-lock may be necessary but generally under such condi- 
tions the moulding shop will open into the fitting-out area 
which will be slightly warm. The main doors are generally 
Kept closed, only being opened for the removal of hulls, etc., 
Or On very warm days to keep the shop cool, but often a 
small door with a return spring is fitted within the door for 
general access. 

Small access doors from the outside or from “cold” shops 
are to be as draught-proof as possible. If the doors are on the 
weather side they may require to be fitted as air-locks or with 
return springs in association with hardboard draught screens, 
depending on their position and the outside temperature. 
Similar precautions are taken with doors to adjoining wood- 
machine and trimming shops where dust-forming operations 
are carried out. Some firms take draught-proofing very seri- 
ously and have been known to run putty seals round the 
inside of the emergency fire exits. 

The use of certain doors may be restricted during inclement 
weather and it is considered more use should be made of 
closing appliances, such as return springs to prevent these 
doors being inadvertently left open. Several firms pay particu- 
lar attention to doors because of this draught and dust risk 
and boldly mark doors “To be kept closed”; this costs a few 
coppers but may save a few hundred pounds of rejected work. 


RESIN HANDLING ARRANGEMENTS 


The resin handling arrangements have to be considered in 
the light of the climatic conditions and the amount of resin 
being handled and mixed by the moulder. The storage and 
mixing areas should be of such a size that the materials are 
stored in the required manner and the resin system can be 
satisfactorily formulated. 


STORAGE 

Polyester resin does not deteriorate in storage and is useable 
as long as it is pourable. The average shelf life is about one 
year during which the physical and mechanical properties will 
remain the same except the viscosity which will increase until 
the resin eventually gels in the drum. Certain filled and pig- 
mented resins have a shelf life of about six months but the 
drums have to be frequently turned to prevent the additives 
from solidifying on the bottom. 


The materials of the resin system are to be stored under 
well ventilated conditions where the temperature does not 
exceed 21° C. (70° F.) or that recommended by the manufac- 
turers. In moderate climates, the current practice is to leave 
the 500 Ib. resin drums lying where they were dropped from 
the delivery lorry which is all right provided they are out of 
direct sunlight, and on the shaded side of the building. Some 
firms cover the drums with a tarpaulin or with the old card- 
board boxes which contained the glass reinforcements, but it 
is preferable to store them, in delivery order, in a rack as near 
the shop door as possible and provided with a canopy as 
protection from direct sunlight. If a separate store is provided, 
it should be airy and well ventilated, suitable grids being 
arranged at floor and roof tevel, and no direct sunlight should 
play on the resins through any windows or roof lights that 
may be fitted. In warm climates the roof and possibly the 
walls may require to be insulated, and in still warmer climates 
a specially insulated chamber fitted with air conditioning or 
refrigeration will be essential. 

The adoption of bulk resin supply is becoming more 
common where large quantities are being used. The resin may 
be run straight into the firm’s storage tanks from a road or 
rail tanker and thence piped to the resin shop or, alternatively, 
the manufacturer will provide a replaceable bulk tank of resin 
which the moulder will connect to his pipework. On the other 
hand, sometimes the moulders’ works are within easy reach 
and delivery of the resin supplier, and he may find it more 
convenient and economical to order the drums as required 
and so obviate stock holding. 

RESIN SHOP 

The shop may be a separate compartment adjacent to the 
moulding shop or part of the shop sectioned off by full or 
half height divisions. Often, if only a small amount of 
material is handled, the resin preparation may be carried out 
on a work bench at the side of the moulding area. The tem- 
perature is generally that of the moulding shop but should 
never exceed 21°C. (70° F.), and once again, direct sunlight 
should not play on this area. In warm climates the resin 
preparation is usually carried out in an air conditioned room. 

Often the resin store and preparation room are combined 
and the in-use drums of resin and other materials are stored 
in this shop, only the large drums being stored apart. The 
shop should have sufficient shelves and racks for. all these 
materials which should be segregated by type and age to cut 
down time in store and ensure their use well within their 
storage life. Obsolete materials, such as samples, etc., should 
be removed from the shelves to eliminate any possibility of 
their being inadvertently used. The in-use drums are provided 
with strong cradles of sufficient height above the floor and 
fitted with efficient draw-off taps. All materials in storage 
should be labelled or suitably identified and each allocated its 
own storage spot so as to prevent any misuse or wrong 
formulation. 

A work bench is usually provided for the measuring and 
mixing equipment and should be kept in as clean a condition 
as possible and free of all materials not required for the work 
in hand. A writing desk is sometimes provided for the use of 
the moulders for recording the daily issues and other matters. 
Written instructions for the various mixes should always be 
readily available for the moulders’ information and these are 
normally pinned on the wall nearby the desk. So also is a 
thermometer which is necessary for the check on the room 
temperature and also for the assessment of the catalyst/ 
accelerator content. 
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The catalysts and other dangerous materials are generally 
kept apart in a separate dangerous and inflammable store as 
required by the local government authority or the insurance 
authority, and sufficient material is drawn daily. 


RESIN MIXING 


The daily requirement of resin with the catalyst or the 
accelerator just to be added, is prepared in a cut-down resin 
drum, polythene refuse bin or other convenient container 
and placed under a mechanical mixer. This mixer is usually 
of the standard planetary type fitted with a bent arm blade 
and stirring at a slow constant speed. Excessive stirring should 
be avoided as this will cause air bubbles in the mixture and 
loss of styrene. The remaining additive is added to the mix 
just before use by hand stirring or by a hand power mixer. 
A triple roll mill may be used for the main mix; this is an 
extremely efficient mixer which gives very good dispersion of 
filler and pigment additives in the mix but is expensive and 
therefore not very common. 

The measuring of the various ingredients of the mix will be 
by weight and volume. Scales weighing up to about 200 Ib. 
are generally available for the resin and a smaller bench type 
weighing up to about 5 lb. for the pigments, catalysts, etc. 
Dial reading scales are preferable to those requiring the addi- 
tion of weights which become clogged with resin and the 
markings undecipherable. Whichever type is used, they should 
be robust and be checked periodically for accuracy as such 
equipment is inclined to be roughly handled. Liquid catalysts 
and accelerators are more conveniently handled and measured 
by volume in cylinders graduated in tenths of a millilitre since 
it is quicker and less prone to error than to measure small 
quantities by weight. Several patent dispensing bottles are 
available for these liquids and are an improvement on the 
cylinder. Catalysts and accelerator, of course, are never 
measured in the same cylinder, and separate cylinders are 
kept for each. The measuring equipment should be kept clean 
to give accurate quantities and to prevent contamination of 
the resin system. 

The resin mix is issued to the moulders in a wonderful 
assortment of containers. A container should be as simple as 
possible in shape and easy to hold and clean. Polythene con- 
tainers generally last the longest and are the easiest to clean, 
but most expensive. Metal containers are less expensive, 
harder to clean and do not last as long, while the cardboard 
group are only used once then discarded. Some of the con- 
tainers in general use are polythene buckets, jugs and pots, 
children’s “potties” of polythene or china, enamelled cans, 
metal cans, waxed cartons, etc. A clean pot should be used 
for every mix. 


REINFORCEMENT HANDLING ARRANGEMENTS 


The arrangements for the glass reinforcement generally 
fall into one of the following two systems. The first is mostly 
found in the larger boatyard where there is a separate shop 
for the storage of the reinforcement in both its tailored and 
roll form and a work bench is available for tailoring of the 
materials. The second system is more common in the smaller 
yard where the bulk materials are stored in a part of the 
general store or in a small store at the side of the moulding 
shop, and the material in roll form is drawn from storage as 
required, to the glass bench in the moulding shop where it is 
tailored and the patterns are stored. 


STORAGE 


The glass and other reinforcements should be stored under 
clean conditions in a dry atmosphere, from the time of 
delivery to just prior to use. The storage temperature should 
not be less than 15°C. (60° F.) and the relative humidity 
should not exceed 65 to 70 per cent. 

If the glass store is contained in a separate building or is 
outwith the moulding shop, the building should be soundly 
constructed, draught-proof and free from dampness. The roof 
and external walls may require to be insulated and a hot air 
type of heating unit should be fitted to take care of any excess 
humidity. When a sectioned-off part of the main shop is used, 
the heating will be by the shop plant but satisfactory precau- 
tions should be taken against any dust accruing from either 
trimming or woodworking operations. These may consist of 
enclosing the sides and roof of the store with polythene sheet- 
ing, Which will also help to retain the heat. 

The storage arrangements should give a satisfactory turn- 
over to ensure all materials are used within their storage life, 
which is about one year. The high and low alkali glass 
materials should be segregated on the storage racks, benches, 
bins, etc. A useful method is to adopt a colour code of say 
red for “E” glass and blue for “A” glass and marking the 
code on the storage equipment. The materials are to be stored 
off the ground in suitable racks. The racks should be at least 
12 in. clear of any cold external walls and the lowest shelf at 
least 6 in. above the floor for cleaning purposes. The height 
of the storage is dependent on the strength and ability of the 
container to withstand crushing and consequent damage to 
the material. Chopped strand mats should generally not 
exceed three boxes in height per shelf otherwise the bottom 
mat will break up easily and be difficult to work. Fabrics such 
as woven rovings, are generally supplied rolled on a tube and 
wrapped in brown paper (a polythene wrapping is not com- 
mon with fabrics) and can withstand stowage weight without 
being damaged, but for convenience, not more than three 
bundles in height per shelf. Roving cheeses are wrapped in 
polythene and packed in a cardboard box, and can be con- 
veniently stowed three in height. 


CUTTING AND TAILORING 


The material should be retained in its sealed package until 
ready for use. It should be free from moisture and it may 
require to be withdrawn from the stores and placed in a warm 
chamber at about 25° C. (77° F.) for several days before use. 
Normally the material is exposed to the warmer moulding 
shop atmosphere for two or three days prior to use, or a 
heater is fitted in way of the racks storing the tailored 
materials. 

A work bench is to be provided for cutting and tailoring 
and should be as long as possible, say not less than 12 ft. 
and wide enough to take 50-in. rolls. Several such benches 
may be required and they should be kept clean so as not to 
contaminate the reinforcements. If the benches are in the 
moulding shop, they should be well clear of areas liable to 
dust. The bench should be well illuminated to enable the 
materials to be examined for defects; the lighting should be 
immediately overhead and no direct sunlight should play on 
the bench as the surface of the fabric gives off a considerable 
glare. If the bench is used for storage, as in the case of firms 
using spray-up technique where adequate stocks of rovings 
can easily be accommodated under the bench, the previous 
remarks on floor clearances, stock turnover, etc., also apply. 
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The rolls of material being used should be readily avail- 
able to reduce the amount of handling and possible damage. 
The usual scheme is to fit racks at the ends of the work bench 
with the rolls set up on spindles and the material unwound on 
to the bench as required, thereby eliminating handling and 
leaving the bench clear for cutting. Racks should be avail- 
able for storing the tailored materials until required for use. 
If the humidity is critical, the rack may be fitted up as a 
warm chamber by draping polythene curtains around the 
rack and fitting a small black heater under the lowest shelf. 
Small portable racks, or other means, should be available 
adjacent to the work for holding the materials issued to the 
moulder while he applies the resin so that he does not lay 
these parts down on the floor with possible contamination 
from dirt. 


CLEANING 


Cleaning in a plastics works is a laborious and expensive 
business. From the survey aspect cleanliness is essential if 
high quality work is to be maintained, as it has a psycho- 
logical effect on the moulder and is important to his health. 
If the shop is littered with scrap waste and is in a generally 
untidy condition this will reflect itself on the quality of the 
workmanship. The general cleaning may be carried out by 
one man constantly at it, or by each member of the moulding 
squad being allocated a task to be carried out at the end of 
the shift. 


Floors, WALLS AND WorK BENCHES 


Keeping the floors of the moulding shop and resin shops 
clear of resin droppings and scrap glass is a headache. This 
swarf is trampled under foot and carried either directly or 
via the staging on to the moulding work. Some firms cover 
the floor with disposable cardboard, roofing felt, hardboard, 
etc., and others use sand or sawdust to catch the resin drop- 
pings from the moulds. The moulders should be trained to 
put the waste into conveniently positioned bins, generally cut- 
down resin drums, which should be cleared regularly as they 
may become a fire risk due to the heat build-up from certain 
wastes containing peroxides. 

Waxed hardboard panels are usually positioned in way of 
spray-up equipment to prevent any overspray adhering to the 
walls or floor. Certain walls in the resin shop, passageways 
and at doorways, are liable to be resin-splashed and “resin- 
fingered” and washing-down is facilitated if they have a 
smooth water resistant surface finish. Work benches and 
shelves should be frequently vacuumed if they form a dust 
risk. The tops of work benches are easily cleaned if of plastics, 
polythene, glass, polished aluminium, etc., but as is often the 
case, they are covered with disposable corrugated paper, old 
reinforcement boxes, etc. 


EQUIPMENT 

The cleaning of moulding equipment, resin pots, etc., is 
generally carried out in the resin shop by the resin mixer or 
his assistants. It is preferable, however, to have this done in 
a separate room with direct access from the moulding shop 
and to the resin shop, so that the used pots can be brought in, 
washed, and then passed for refilling. An extractor should be 
fitted for removal of the styrene fumes. Brushes and rollers 
are generally on the moulder’s charge and he is responsible 
for their cleaning, otherwise there would be a high wastage 
due to resin gelling on these items. The resin is easily washed 
off with hot water and soap, washing soda, etc., or suitable 


solvents such as acetone or benzene and should be carried out 
as soon as possible before the resin gels after which it cannot 
be removed. 


WORKSHOP HYGIENE 


This section is included so that the Surveyor may be 
familiar with the health hazards and the necessary action to be 
taken in the case of an accident. A first-aid kit should be 
readily available and the personnel familiar with its where- 
abouts and use. 

The principal hazard to health arises from the styrene 
monomer and exposure of the skin to the liquid which may 
cause dermatitis. In sufficient concentration styrene vapour is 
highly irritating to the eyes and respiratory passages. 

Contact with liquid styrene is best avoided by clean work- 
ing methods. Protective clothing such as gloves, aprons and 
goggles should be worn; barrier cream should be used for 
operations where gloves are impractical. Full protective cloth- 
ing should be worn in trimming rooms and helmets or goggles 
worn if only a limited amount of sanding is being done. Suffi- 
cient locker storage should be provided for protective clothing, 
etc. 

Adequate washing facilities should be provided. An abrasive 
soap, possibly containing an antiseptic, used with water is 
quite good. Several proprietary compounds and jellies are also 
available. Solvents used for equipment cleaning should not be 
used on the skin. Acetone will remove the natural grease from 
the skin and render it more sensitive to irritation. Benzene is 
dangerous because it can be absorbed through the skin or its 
vapour may be inhaled, and over a period may cause anemia. 
Also, solvents which readily dissolve resin will tend to wash 
the resin into the pores of the skin and increase the risk of 
dermatitis. 


Conjunctivitis may be caused by vapour irritation of the 
eyes and also by the moulder rubbing his eyes with con- 
taminated hands. Care should be exercised during mixing 
operations where the accidental splashing of resin, catalyst or 
accelerator can be dangerous. Any splashes should be removed 
as soon as possible by thorough washing ; splashes in the eye 
should be washed with water and a doctor consulted. Irrita- 
tion due to vapour can be effectively alleviated by the use of 
a bicarbonate eye wash. 


The foregoing conditions are, of course, applicable to glass 
reinforced polyesters and are necessary if the laminates are to 
cure completely. It is possible that in the course of time, the 
chemists will produce new materials which will be less 
dependent on the temperature and humidity conditions and 
dispense with the need for the present control. 

There is much room for improvement in works practice. 
There are a host of small simple ideas which, if carried out 
and at little cost, can improve the quality of the work or 
eliminate possible mistakes. Most plastic boatyards are messy 
and untidy places and the managements are often reluctant 
to change and improve their methods if any cost is involved. 
Any recommendations or alterations made by the surveyor 
should be as simple as possible, otherwise they will fall into 
disuse. 
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Discussion on Mr. A. MclInnes’s Paper 


GLASS REINFORCED PLASTIC BOAT BUILDING - PARTS I and II 


The Author is very grateful to all who have contributed to 

the discussion. For ease and convenience in reference, he has 

rearranged some of the contributions under the various sub- 

headings and hopes that this will meet with the contributors’ 
approval. 


General 
Mr. J. B. DAVIES 


When the Society first became involved in glass reinforced 
plastic boat building the work was almost entirely confined 
to traditional boat building districts in the United Kingdom. 
Some of our colleagues in these districts were able to get in 
at the start and have now obtained a very good knowledge 
of the specialised and, to a shipbuilder, unusual techniques 
involved. 

During recent years, however, requests for the Society's 
services have been coming from all parts of the world and 
also, to complicate matters still further, from inland non- 
boat building districts. It can be imagined that this has caused 
considerable difficulty in endeavouring to ensure that the 
Surveyors concerned have suflicient knowledge of the 
problems involved to carry out the work both to their own 
satisfaction and to that of the other parties concerned. 

In conjunction with one of the large manufacturers of 
resins, short courses on the basic principles have been 
arranged, but it is obvious that only Surveyors from North 
Europe can attend these, although in one or two cases 
Surveyors on U.K. leave have been able to join in. Eventually 
these courses will ensure that a number of Surveyors will have 
a basic knowledge of the subject, but life is not usually so 
well organised that there is always one of these men available 
at the right place at the right time. 

While there are several text books on plastics, they are 
rarely, if ever, aimed at the man who is only interested in 
one type of plastics—glass reinforced—and still more rarely 
do they cover boat construction. There is thus an urgent need 
for a short but comprehensive description of the main points 
involved in reinforced plastic boat construction. 

Mr. McInnes has set out to satisfy this need, and I am sure 
we will all agree that he has achieved his object in a most 
satisfactory manner. He has produced a paper which will 
give anyone interested a good idea of “how and why” and 
one which will also prove most valuable as a work of 
reference for any Surveyor who may suddenly be called upon 
to carry out a work’s inspection, etc. 

Mr. McInnes has devoted half his paper to works’ con- 
ditions, and it cannot be emphasised too strongly how vitally 
important this matter is. 

A shipbuilder—or any other engineer—is accustomed to 
be able, by taking check tests, to ensure that the material he 
is actually using has the properties he assumed when working 
out his design. It is, therefore, somewhat unnerving for him 
to come up against a material which, due to the chemical 
reactions involved, does not come into existence in its final 
form until the job is completed. It is therefore absolutely 


essential that the correct conditions and procedure are 
established at the start and are consistently maintained. 

While there is a general recognition of this among 
established moulders, there are still many firms who either do 
not appreciate the importance of works’ conditions or who 
feel they can manage in somewhat worse conditions than 
are really desirable. It must also be said that there are firms 
who can, and do, produce a good moulding under doubtful 
conditions, but the success of their work probably depends, 
to what may well be considered an undesirable degree, on the 
untiring efforts of one man in ensuring the essential con- 
ditions are complied with at each stage of moulding. 


From the Society’s viewpoint of ensuring that any hull 
moulded under survey is satisfactory, there appears to be 
no alternative but to ensure the works’ conditions are initially 
satisfactory, and Mr. McInnes’ paper should be a great help 
to any Surveyor called on to carry out such a survey. 


We all, I am sure, look forward to seeing the next part of 
the paper covering design and construction. 


Mr. D. C. O'NEILL, R.C.N.C. 


The Author is to be congratulated on his presentation of 
such a specialised subject, involving, as it does, a formidable 
range of technical jargon. In the warship field, much interest 
is being shown in the application of plastics to boat con- 
struction, and indeed, the U.S. Navy claims that within a few 
years over 90 per cent of all its ships’ boats will be of these 
materials. Other uses of plastics in ships and submarines are 
also being investigated. The Author’s remarks concerning 
the importance of cleanliness and careful control of ambient 
conditions are timely. My experience in plastics is limited to 
an interest in the production of slabs of polythene for reactor 
shielding to close tolerances of size and consistency. Here 
it was found that the success of the whole operation depended 
ultimately on the avoidance of draughts of air near the 
moulding press! Problems were encountered in testing the 
final material, X-ray and ultrasonic methods being necessary 
to ensure that there were no voids. Perhaps the Author could 
comment on the applicability of these methods of checking 
the construction of plastic boats, as one would imagine that 
the laminated nature of the material would make such testing 
of little value. Presumably, careful inspection and control of 
working conditions is all that is necessary? On the general 
point of cleanliness in shipyards, the Admiralty is concerned 
that in modern warships expensive and complicated electronic 
equipment may be seriously damaged due to lack of cleanli- 
ness during installation and is urging the shipbuilders to 
recognize the importance of clean conditions. We may not yet 
see the platers’ squad replaced by a group of white-coated 
technicians, but any move in this direction is to be 
encouraged! 

Many readers of this paper may feel that some background 
information on plastic boats would be of value. What, for 
example, is the largest plastic boat made to date, and how 


long did it take to mould and cure? It may also be of interest 
if the Author would discuss the relative costs of this type of 
construction compared with conventional wooden craft. 


Mr. W. L. HOBBS (Southampton) 


Although the title of this paper is misleading, inasmuch 
as the term “Boat” is usually construed to mean a small craft, 
often undecked, and propelled by oars, sail or outboard 
motor, I feel nevertheless that the Author deserves our sincere 
thanks for producing such a fine paper dealing with a subject 
about which so many of us know so little. It is true the resin 
manufacturers issue useful booklets containing guidance 
regarding the goods they have to sell, but impartial informa- 
tion on the subject of reinforced plastic marine construction 
is not easily acquired, a fact that makes this paper all the 
more valuable. 


Mr. W. B. SCHEELINGS (Amsterdam) 


The Author of this paper has given us a very compre- 
hensive picture of the present conditions in glass reinforced 
plastic boat building. To comment on this excellent paper is 
hardly possible and my later remarks are being mainly con- 
fined to items which deviate from the systems prescribed and 
the practice and opinions in the Netherlands. I hope that 
Part HI will follow in due course and that it will contain also 
the necessary information regarding control of the laminate 
during and after complete curing, because without this in- 
formation it is still very difficult for those Surveyors who 
have to deal with this subject. 


Mr. S. SANDERSEN (Copenhagen) 


Mr. McInnes’ paper will, [ am sure, be of great assistance 
to all Surveyors who at present or for the years to come are 
dealing with surveying duties on plastic boats and plastic mould- 
ing works. After a very careful study of this paper it is felt 
that the problems in connection with these surveys have been 
dealt with very thoroughly and in such a way that it will be 
understood without too much trouble by any Surveyor who 
takes an interest in the question, and we will be looking 
forward to the remaining Part of the paper dealing with the 
structural design and arrangements of the plastic craft. 

The paper covers practically all that is necessary for the 
Surveyor to know before the laborious but necessary 
individual study of the subject, supported by practical 
training. Here, the Appendix A to Part I is of good help, as 
a great part of the terminology used is quite new to most of 
the Surveyors, and an Appendix covering three pages instead 
of one half would have been very much appreciated by the 
non-British Surveyors. A very high percentage of the terms 
used in Mr. A. J. W. Hedger’s paper as well as in Mr. 
McInnes’ is not only unfamiliar to non-Britishers but could 
not be found in the dictionaries available. The paper mentions 
that a more complete “Glossary of Terms” could be found 
in British Standard 1755; may I suggest that all Lloyd’s 
offices, where the study of the paper is considered useful, 
receive a copy of B.S. 1755, and it is hoped that the glossary 
in this will meet the requirements in the L.R. offices outside 
U.K. and prevent any Surveyor with minor interest in this 
subject from giving up due to difficulties with the language. 
Personally, I have spent a considerable time in trying to make 
my own glossary of terms, which could neither be found in 
our dictionaries nor obtained from our British colleagues. 


In the preface the Author writes “Plastic boats are being 
moulded in factories away from the traditional boat building 
areas and the Surveyors in these areas may find themselves 
suddenly faced with supervising the moulding of small craft 
of an unfamiliar material, in addition to their normal duties”. 
If it is the intention of the Committee that Surveyors without 
special training should carry out such duties, even on a very 
small craft using this paper as their main source of know- 
ledge, I admit that even within the field covered by the 
Author, they could probably not have been better informed ; 
but in that case I would suggest that a Part III should be 
added, dealing with: — 


(a) Faults which occur in reinforced plastic components. 
(b) Repairs of faults and damages. 

The question regarding a plastic boat’s capability in the 
long run of withstanding very low temperatures in the Arctic 
and Antarctic areas is often raised in this country in connec- 
tion with the boats delivered to Greenland and on board the 
numerous vessels specially constructed for expedition 
purposes. Also, it has been asked if a special quality of resin 
would ensure high resistance to extremely low temperatures 
as it has been reported that small craft delivered to Greenland 
have deteriorated in a fairly short time. It has not been 
possible here to investigate this statement and it may only be 
rumours or concerning craft delivered years ago when the 
knowledge about resins and the skill in manufacture were 
considerably less than now; but if there is a “question” here, 
it should be interesting to hear the Author’s opinion. 


Mr. S. JANZEN (Gothenburg) 


Due to the complexity of the subject dealt with by the 
Author in the first part of his paper, a large amount of 
literature exists. It was, therefore, comforting to find that the 
Author has restricted himself to only the main outlines and 
for further introduction has chosen to give a reference list 
of books. I do think, however, that Hagen’s “Glasfaser- 
verstarkte Kunststoffe’ (Springer-Verlag 1961) should be 
included here, as this is the standard German book on this 
subject and rather extensively refers to the different opinions 
and the main investigations applicable to reinforced plastics. 

The second part, regarding workshop conditions, is not 
usually dealt with in the general literature and the Author’s 
presentation of the large variety of very different workshop 
conditions is really interesting and valuable. It shows that 
there are many ways of overcoming different problems and 
provides useful information, particularly for surveyors in 
countries where workshop conditions are fairly similar. 

As indicated above, there are many points in a subject like 
this worthy of further discussion and exemplification, and I 
have chosen some which have interested me and, I hope, 
might interest others concerned, particularly with the “hand 
lay up” method. 

The main drawback in this industry is the high material 
cost, and it is understandable that the moulders investigate 
all proposals which might enable them to reduce their 
material prices. Subsequently, many enquiries regarding 
material approval are received, and to simplify the treatment 
of the enquiries, it would be helpful if some form of unified 
standards were available in the Society’s Rules, but I fully 
appreciate the difficulties involved in this. How far from this 
we are to-day, I don’t know, but perhaps the Author could 
give some indication? 


AUTHOR’S REPLY 


To date there is no suitable equipment for non-destructive 
assessment of laminate quality and thickness. Ultrasonic and 
radiographic methods have been tried but have not achieved 
much success, the cheapest equipment costing at least several 
hundred pounds. It is partly because of the absence of suit- 
able equipment that we place so much importance on work- 
shop conditions, but this matter of testing will be dealt with 
later on. 

Regarding Mr. Sandersen’s query on plastic boats for 
Arctic service, it is possible, as he suggests, that the rumours 
refer to early boats where the resin system or the cure was not 
all that could be desired. The U.S. Navy has had good results 
with the plastic craft on their icebreakers. The normal general 
purpose polyesters have been used for several low temperature 
applications and have proved quite successful. 

Like Mr. Janzen, | would like to see material standards, 
or a plastic “Chapter P”, incorporated in the Plastic Yacht 
Rules. These specifications would, of course, have to agree 
with the many standards and test methods in common use, 
otherwise this would involve the material manufacturers in an 
intensive and expensive testing programme. Unfortunately, 
at present, there are no signs of standards for resin or glass 
materials, or even test methods for that matter, being inter- 
nationally adopted and it will, therefore, be a few years before 
anything useful can be achieved. 


Catalysts and Accelerators 
Mr. S. JANZEN (Gothenburg) 


The general practice in this country is to add both com- 
ponents to the resin system shortly before use, and mostly 
CHP and CO accelerators are used. Normally the catalyst is 
a paste, but there is a trend towards liquid forms for, as the 
Author states, they are easier to measure and in addition 
allow some time saving. It is not yet common here for 
manufacturers to deliver the resin with the accelerator added 
and moulders with a large production usually add this com- 
ponent in their larger “ready use” tank. 

The use of benzoyl peroxide and an amine accelerator is 
very unusual, but one moulder uses a German resin called 
Leguval K25R, which has the amine chemically incorpor- 
ated. By mixing this resin with general purpose resins and 
thus changing the amine content of the whole mix, it is 
possible to adjust the setting time and still, as far as can be 
judged, obtain efficient curing. As this is contrary to general 
opinion I would be glad if the Author could comment on this 
method. 

The Author’s statement regarding proper catalyst-acceler- 
ator contents and how to adjust the setting time is extremely 
important. With the systems mentioned under (a) and (bd) 
on page 3 a somewhat low accelerator content will not be so 
dangerous as the laminate will probably cure efficiently, 
provided it is left for sufficient time. Further, nowadays 
resins are generally not inhibited by air and thus, an excess 
of cobalt accelerator at the expense of the catalyst cannot be 
justified. 


AUTHOR’S REPLY 


There is an increasing tendency for moulders to adopt a 
liquid MEKP/cobalt system in preference to the paste 


HCH /cobalt system. The liquid catalyst is proving more 
convenient to use and more economical. The catalyst, at 10/- 
per pound, is the most expensive component in the resin 
system and as only two per cent of MEKP is necessary 
against four per cent of HCH with a corresponding reduction 
in the amount of accelerator, this can show considerable 
saving in the material costs. 

Regarding the amine accelerated Leguval K25R, this is 
an unusual resin of which I have no experience as it is quite 
uncommon. It is combined with about three times its weight 
of normal general purpose resin which is catalysed and 
accelerated in the normal manner. The main advantage 
appears to be the quick setting time due to the amine system 
which will permit a quick turn round of moulds such as when 
moulding runabouts on a production cycle. 


Pigments 
Mr. W. B. SCHEELINGS (Amsterdam) 


Unfortunately, boat builders have been advertising in the 
beginning of plastic boat building that it was not necessary 
to paint the plastic boats during their lifetime as pigments 
had been added into the laminate. This advertisement was 
misleading and the Dutch boat builders would be very pleased 
if they could come back on this and paint the clear laminated 
boat on completion in the colours ordered by the client. 


Mr. S. JANZEN (Gothenburg) 


The colouring of the moulding is, in Sweden, entirely 
obtained by adding pigment to the gel coat and the outer 
layers. This is fully acceptable for the small hulls produced 
here, but it would be interesting to know if, for larger hulls, 
with considerably greater costs involved, the customer would 
accept a fully unpigmented hull and thus be better able to 
judge its quality. I would also like to ask the Author if he 
considers that if titanium white rutile pigment is used, the 
maximum content recommended by him could be exceeded? 


AUTHOR’S REPLY 


Over the past year there has been a tendency for moulders 
to use gel coat resins formulated by the resin manufacturer. 
Prior to this, the moulder has had to mix together four or 
five different raw materials, each of widely varying viscosity 
with the attendant difficulty of mixing and also each of widely 
varying proportions one to the other with the added require- 
ments of accuracy in measuring by some suitable means. 
This problem is now being overcome by the introduction of 
the fully formulated polyester resin mixes. The idea started 
many years ago when one of the early troubles of colouring 
polyester was solved by pre-dispensing colouring pigments 
and supplying the colouring matter in paste form which could 
be incorporated into the resin by stirring. Some moulders 
realised the advantage of having their resin coloured for 
them, and this was done either by the resin supplier or by 
the pigment supplier who would obtain the resin of his 
customer’s choice and mix into it the colour required. The 
fully formulated gel coat resins now developed are obtained 
by blending selected basic resins together in varying 
proportions as no one resin can give all the necessary 
characteristics. A small amount of solid additive was found 
to improve resistance to surface abrasion, provided the 


additive was incorporated by milling and not just mixed into 
the blended resins. The component parts are properly 
incorporated and the weighing and measuring is now reduced 
to a minimum; even the accelerator can be included so that 
only the addition of the catalyst is required. The pigments 
themselves are greatly improved, as up till now, resistance to 
weathering has been a haphazard and chancy affair, de- 
pending on the way the resin has been mixed and the laminate 
prepared, and these new gel coat resins will go a long way to 
give maximum light fastness and weather resistance. 

As the manufacturer selects the correct type of pigment 
and disperses it effectively in the resin, he adds a much 
greater amount than the 2-3 per cent quoted in page 3, 
often as much as 10 per cent depending on the density of the 
particular colour. Where the pigment paste is added by the 
moulder, the 5 per cent quoted is a good average, although 
this figure may be as high as 8 to 10 per cent, but the amount 
should be kept to the minimum necessary to give a satis- 
factory depth of colour particularly if the resin also contains 
fire and filler additives. 

Rash “sales talk” and “no painting and maintenance” has 
caused this industry a lot of harm from which it is only now 
recovering. Plastic hulls generally have to be painted after 
about their third season to spruce them up and hide all the 
scratches and rubbing marks. Unpigmented hulls are, IT am 
afraid, only a Surveyor’s dream and I cannot see this 
becoming the general practice in yachts. The magnetism of 
“built in” colour and the “sales talk” have still a big hold over 
the owner and few moulders are strong enough to persuade a 
client to have an unpigmented hull with its better quality 
laminate. A few builders do mould such hulls but even they, 
possibly due to the improvement in gel coats mentioned 
above, are tending to revert to pigmenting the outside of the 
hull. Fortunately, the standard practice in this country is a fair 
compromise, whereby a coloured gel coat is used, possibly 
with a coloured first layer, but the remainder of the laminate 
is of a clear lay-up resin. 


Fillers 
Mr. S. JANZEN (Gothenburg) 


The use of these is understood when laminating very thick 
sections and in the gel coat, as exemplified by the Author, 
but it is more questionable when they are used for extending 
the resin for laminating work in general. Fortunately, the 
latter system is never used in this country and a similar 
attitude seems to have been taken by most yacht builders. 
Fillers have an extremely bad reputation in this country, 
probably due to the bad experience some retailers have had 
with imported small runabouts which had calcium carbonate 
fillers used in their construction. As there are so many 
difficulties to overcome when using these materials and 
stringent safety precautions such as drying have to be carried 
out, it was surprising to note that they are still used by 
several lifeboat builders. I would ask the Author, has any bad 
experience really not been reported from them, and how is it 
possible to visually inspect satisfactorily, a laminate with 
25 per cent fillers? 


AUTHOR’S REPLY 


Although there have been many rumours about failures 
due to fillers, no troubles which can be attributed to fillers 


have been experienced on craft under the Society’s survey. 
Regarding the mixes used for lifeboats, these are indeed 
contrary to yacht practice as they may contain upwards of 
40 per cent additives such as 5 per cent pigment, 20 per cent 
fire additives and 15 per cent calcium carbonate. It is essential 
to ensure that the filler, or any solid additive for that matter, 
is thoroughly dispersed into and completely wetted by the 
resin. Fortunately, lifeboat mixes are prepared in bulk and 
are therefore thoroughly mixed, and this may be one of their 
saving graces. Also, as a lifeboat spends almost its life 
suspended from the davits, it is never really subject to the 
same conditions as a yacht in service, and also it never has 
the same amount of loose water constantly in its bilges to 
affect the inside of the hull. 

A laminate using 25 per cent calcium carbonate will be more 
Opaque than an unfilled laminate, but can still be visually 
examined by a strong light. On the other hand, if the laminate 
also contains other additives, such as antimony oxide or 
pigments, it may not be possible to visually detect any voids 
or air bubbles, and can only be inspected by tapping. This 
matter will be dealt with in a later Part. 


Glass Reinforcements 


Mr. S. JANZEN (Gothenburg) 


Regarding A and E glass, the Author says on top of page 4 
that “The chemical nature of the glass may have an influence 
on the final properties of the laminate but this effect is 
completely overshadowed by variability due to other condi- 
tions during moulding”. | agree in general with this statement 
and would ask does this mean that A glass is accepted by the 
Society for yacht building? The same argument could also 
be applied with regard to “chrome” and “silane” treatment, 
so I presume “chrome” could, therefore, be accepted although 
“silane” is preferable. 

In this connection, it would also be of interest to have 
some further comments regarding the storage life, which on 
page 15 is stated to be about one year. This is understood for 
A glass, which might be completely destroyed by humidity. 
But with E glass, under satisfactory storage conditions, a one 
year’s storage life seems short. However, perhaps something 
more is involved. The use of polythene wrapping probably 
varies from country to country, and I would be glad to know 
if there is any particular need for this. 

The Author gives a brief summary of the conventional 
methods of manufacturing glass cloth, where the finish is 
applied after weaving and desizing. An interesting and un- 
usual method was developed and is used in this country by 
ASEA. The glass filaments intended for weaving are treated 
with a “direct size,” which is a combination of a special size 
and a silane finish which makes it possible to omit the 
normally required desizing. This method avoids the loss of 
strength due to the heat treatment associated with the 
desizing process. Direct size treatment gives very good results 
as can be seen from the following figure, which is based on a 
series of tests made by ASEA. 

It should be added that “Bjorksten” finish is not com- 
mercially available and that finish 136 (silane) can give 
rather varying results, one of the reasons for these being the 
difficulties involved in keeping conditions constant during the 
finish treatment itself. 
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Flexural strength of polyester-glasscloth laminate of ASEA 
cloth No. 3 with different size/ finish 


AUTHOR’S REPLY 


In common with nearly all other Authorities, the Society 
at present require the use of E glass in lifeboats and also in 
yacht construction. Not only is A glass weaker in fibre form, 
but in laminate form the strength difference is of the order 
of 10 to 15 per cent in favour of E glass. The drop in strength 
of the A glass is thought to be at the resin/glass interface 
and whether this loss is from the glass itself or from resin in 
a different state of cure on account of some inhibiting con- 
ditions at the surface of the alkali fibre is not known. The 
sensitivity of A glass to moisture attack at the surface needs 
to be borne in mind and E glass should be preferred under 
high humidity conditions. It is important that reinforcement 
should be dry when laminated but this is not always possible 
for a large structure under changing humidity conditions. 
However, the controversy between A and E glass still goes on, 
a recent interim report by The British Plastic Federation 
states “Evidence suggests that E glass laminates are superior 
to A glass when used under long-term moist conditions. In 
practice, however, it has been found that many applications 
using A glass under such conditions have given very satis- 
factory service”. 


It is of interest to note that on the question of storage life, 
manufacturers do not differentiate between A and E materials 
and normally quote a year under controlled conditions for both 
glasses. Presumably the finish on both glasses is subject to 
deterioration. It is thought that the polythene wrapping gives 
the mats excellent protection against dust and dirt while in 
storage as well as protecting the finish from dampness. By so 
wrapping the material, it is the only way a manufacturer can 
ensure that his storage stipulation that the humidity does not 
exceed 65 per cent, is not abused. 

Referring to the various finishes, a “chrome” finish is 
acceptable and such a laminate may possibly have higher 
initial strength than a “silane” laminate but its ““wet-strength” 
retention would be lower. Again, these laboratory differences 
may be overshadowed by workshop variability. 

At present, several manufacturers are developing new 
finishes, such as the “Direct Size’ and “Bjorksten” finishes, 
which shall give high initial and wet-strengths and also reduce 
the amount of resin and wetting-out time. These new finishes 
will have a considerable effect on the industry and may bring 
about several changes in current practice. 


Release Agents 
Mr. S. JANZEN (Gothenburg) 


A polyester mould in connection with a “two-stage release” 
is a normal arrangement in this country. But, as the small 
mouldings produced will not normally be painted and with 
the shops arranged on the production line basis, with conse- 
quent need for quick turnover of moulds, a single hard wax 
is becoming more popular. One firm produces as many as six 
runabout mouldings on one waxing. 


Mr. W. L. HOBBS (Southampton) 


With regard to release agents, | have found that moulds, 
either “glass” or wood, if surfaced with furane resin hardly 
require a parting agent; the surface is given a light coating 
of wax just to play safe but no P.V.A. treatment has so far 
been found necessary. 


AUTHOR’S REPLY 


P.V.A., generally uncoloured, is now mainly used only with 
“difficult” glass moulds and with “‘first-offs”’ where the 
moulder does not want to have any risk of sticking. Current 
practice on hulls is to adopt, where possible, a suitable wax 
as the sole release agent and this also avoids some of the 
disadvantages, such as “orange-peel effect”, that can arise 
from the P.V.A. release agent. 


Gel Coat 
Mr. W. L. HOBBS (Southampton) 


Does the Author think a surfacing mat of the tissue type 
serves any useful purpose for reinforcing the gel coat on the 
outer surface of a hull? Abrasion is at the moment the worst 
enemy of reinforced plastic marine craft, and although this 
can be minimised in commercial craft by fitting wood rubbing 
strips, aesthetic reasons and added resistance prevent their 
use on pleasure craft, and in these circumstances surely a 
scrim cloth in the order of six ounces weight to back up the 
gel coat is more effective in protecting the chopped strand 
mat from chafe damage. 


Mr. S. JANZEN (Gothenburg) 


In Sweden, this is normally applied in one coat and almost 
entirely sprayed up. When starting this spraying, practically 
all firms had difficulty in obtaining the correct thickness and 
avoiding resin drainage but these difficulties were quickly 
overcome with a little training and the correct styrene content. 

The normal content used is about 35 per cent. Usually the 
gel is backed up by a layer of woven cloth (surfacing mats 
are not used) but due to difficulties experienced in getting a 
good bond, one moulder changed over to a soft 14 oz. 
chopped strand mat. Incidentally, an important point to 
remember when changing from one type of reinforcement to 
another is to check the viscosity of the resin. As an example, 
it can be mentioned that in the above referred case the 
viscosity had to be lowered to obtain a suitable resin for the 
mat reinforcement. Further, the first layer needs consolidation 
just as well as subsequent layers, and fear of damaging the 
gel with the rollers must not lead to this operation being 
avoided. 


AUTHOR’S REPLY 


It is agreed that if the gel coat was damaged, a scrim cloth 
would afford a mat laminate more protection against chafe- 
damage. This cloth, however, is not very popular with some 
moulders, possibly due to the difficulty in use in the sharper 
curves of the smaller hulls or possibly from plain economics. 
It is essential that the scrim is applied at the proper time to 
ensure a good bond as in damaged hulls I have often seen 
quite large areas where the gel coat has come clean away 
from the scrim. The effect of a thin tissue embodied in the 
gel resin should not be underestimated and it is possible that 
a gel reinforced with this material could withstand the same 
local impact that would damage a gel backed with the scrim 
cloth. This tissue is often used in small runabouts, either over 
the entire hull or just in strips moulded along the chine and 
transom boundaries where the gel coat is liable to be thick. 
On the other hand, quite a few moulders neither use scrim 
nor tissue but just apply the first laminate comprising a 
1 oz. or 1} oz. mat directly on to the gel coat. 


Moulding 
Mr. W. L. HOBBS (Southampton) 


Why has the Author not mentioned the technique of apply- 
ing the resin with lambswool rollers? This method would 
appear to be the most foolproof way of applying a maximum 
amount in a given time and the proportion of resin to rein- 
forcement can be controlled within close limits as is evidenced 
by the uniformity of the hull weights of the One Design class 
hulls being constructed at Portsmouth, where this technique 
is used. With this method of application it has been found 
possible to lay up two layers of 2 oz. (600 grs) chopped strand 
mat in One operation provided the heavier type steel rollers 
are used for bedding down or “‘wetting-out” operations. 

With regard to the use of surface tissue for internal finish, 
the use of heavier type rollers turned from solid stock and 
concentrically grooved seems to produce inside surface 
finishes far superior to that obtained by the use of the lighter 
“parsley-cutter” type rollers. 


AUTHOR’S REPLY 


Such a roller would be excellent for this purpose and could 
apply a controlled amount of resin quickly. The mat would 
then be laid on the top of the resin and consolidated by the 


heavy steel roller, preferably one with a long shaft to give 
plenty of pressure. Usually a rough cheap brush is used for 
the lay up resin, whereas a very expensive brush of fine long 
white bristles is neccesary to give a smooth even gel coat. 
After the mat is laid on, the resin should be rolled through 
and the amount of additional resin stippled on to the mat 
should be kept to the minimum. There is no substitute for 
rolling. During lay-up operations the brushes and _ rollers 
become tacky as the resin gels and have to be occasionally 
washed in styrene, but should be shaken dry to remove sur- 
plus monomer before carrying on. 


Curing 
Mr. S. JANZEN (Gothenburg) 


Regarding post-curing, this is a common arrangement in 
Sweden and can be fairly simply adopted, as most firms are 
engaged in small runabout construction. Where a production 
line system is used, a fast curing cycle is necessary. In addi- 
tion to improving the laminate properties this arrangement 
provides means of detecting small surface defects (e.g. en- 
trapped air) as, after withdrawal from the hot room, the gel 
coat in way of such a defect is likely to have cracked. A 
repair at this stage means money saved compared with the 
same repair at a later date when the boat has left the shop. 
By exposing these faults it also serves to indicate any changes 
in the moulders’ workmanship or the material and conditions. 


Spray-Up Technique 
Mr. W. B. SCHEELINGS (Amsterdam) 


This system is very seldom carried out but the firm using 
it has the control of strand distribution improved. Coloured 
marked yarns are, of course, being used but also the number 
of cuttings of the glass cutter are being counted. The operator 
is instructed how many cuttings per square metre are required 
according to the drawing. By marking off areas of a square 
metre on the mould the operator is able to deposit the layers 
very uniformly. 


AUTHOR’S REPLY 


As forecast, this technique is slowly coming back into use 
with boat builders. More types of equipment are coming on 
to the market and at a more attractive price. The main fault 
to date has been the complicated control necessary to ensure 
that the equipment consistently operates efficiently and the 
resin and glass materials are discharged at the correct pressure 
and rate in the right direction. In view of the many different 
types, reference is necessary to the manufacturers’ instruction 
manuals and trade literature for details of the calibration, 
setting up, cleaning and maintenance. 

On page 8 reference is made to each spray pass depositing 
between 14 to 2 oz. of glass, and it is not very clear that the 
“pass” referred to is built up by three light passes carried 
out as a continuous operation. 


Workshop Conditions 
Mr. W. B. SCHEELINGS (Amsterdam) 


This paper, especially in Part II, expresses very clearly and 
we should all take good note of it, that only a high quality of 
work can be expected and consistently maintained if the con- 
ditions of the workshop, staffing, etc., are of high standard. 


I hope that the paper has drawn the special attention of the 
surveyors who have to deal with this kind of boat building to 
this fact, and that a continuous check on the conditions is 
required. 


Mr. S. SANDERSEN (Copenhagen) 


Regarding Part II of this paper I should like to ask the 
Author about the importance of the height of any fluorescent 
lighting above the mould. As far as I remember a figure of 
six metres was mentioned at the Scott Bader course, but such 
a distance is very difficult if not impossible to obtain in an 
ordinary workshop. In this country it is believed that a 
distance of about two metres above the top of the mould is 
quite sufficient for the ordinary type of fluorescent roof 
lighting. 

Regarding the cleaning of the moulding shop it might be 
mentioned that in the cleanest and most well organised work- 
shops visited by myself, the cleaning does not seem to be a 
very laborious or expensive business. The floor in way of the 
moulds “in use” and any other places where resin is likely 
to be dropped, is covered by masonite plates well waxed and 
these plates are scraped clean at short intervals without much 
trouble and renewed when it does not pay to clean them. It 
is stated that the “life” of these plates is up to one year if 
properly treated. All scrap glass and the dust from the minor 
grinding or buffing, etc., which are carried out in the mould- 
ing shop is easily removed every day from floors, shelves, 
workbenches, etc., by means of heavy industrial vacuum 
cleaners and the general appearance of these workshops is 
very clean indeed. 


Mr. S. JANZEN (Gothenburg) 


An interesting item in this country is the production line 
system which has been adopted by firms engaged in the pro- 
duction of a large series of fairly similar small boats. 

One firm is moulding about ten such small open hulls per 
day, with a staff that consists of 


foremen, 
gel coat sprayers, 


NN NY 


men for mixing resins and glass cutting, 
labourers (laminating internal fastenings and transom), 
labourers for trimming, and 


—_ N NY 


0 moulders. 


The firm operates a two-shift system; thus only half the 
staff (ten men) work at the same time, and the work proceeds 
continuously from 5 o’clock in the morning to 11 o’clock in 
the evening. Provided the time-tables for the different stages 
are strictly adhered to, labour costs can be kept to about 20 
per cent of the material cost. As far as can be judged, this 
two-shift system with the men working on bonus rates has 
proved satisfactory, both to the firm and the workers, from 
the economical and quality points of view. The more manu- 
facturers of plastic boats can rationalise their systems the 
greater will be the demands made upon the material manu- 
facturers in order to make their products easier and faster 
to work with. But to make full use of easier workable 
materials, better and more suitable workshops will be required. 
For example, a faster but softer mat requires good reinforce- 
ment handling arrangements, otherwise the mat will be 
damaged before being placed in position. A speedy production 
will eliminate many risks during the laminating stage, for 
instance, undue styrene evaporation due to ventilation will 
be reduced if it is possible to lay up five layers in, say, 34 
hours instead of a few per day. 


AUTHOR’S REPLY 


Fluorescent lighting should preferably be at least six feet 
above the moulding surface to avoid any excessive ultra-violet 
effect on the resin cure. This is the figure given by Scott Bader 
and which also ties up with Mr. Sandersen’s two metres. Some 
moulding shops are now fitting special glass, which stops the 
ultra-violet rays, to windows and roof lights exposed to strong 
sunlight. 

Mr. O'Neill is thanked for his comments on cleanliness. 
This matter is, of course, of the greatest importance and the 
shop manager and the surveyor should be constantly looking 
for ways of improvement. Mr. Sandersen’s remarks on the use 
of vacuum cleaners are of interest as much more use could 
be made of such cleaners in U.K. moulding shops. Some 
moulders carry out trimming, such as cutting along the hull 
gunwale line, with the saw in one hand and a vacuum in the 
other, thus removing the dust at its source and before it gets 
into the atmosphere or on the workman. One place which 
can often do with a clean up is the resin mixing shop or 
bench. Often this area is littered with half-used tins of resin 
and colour pastes, mostly lying about without covers, with 
dirty measures and scales and with bags of dry fillers spilling 
their contents over the floor. 
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NOTES ON SHIP PLAN APPROVAL 


by O. M. CLEMMETSEN 


INTRODUCTION 


It is impracticable to pass all ship surveyors through the 
Plan Approval Department in London, but those who have 
been fortunate enough to have this experience are generally 
of the opinion that they have greatly benefited thereby. Those 
who start their career with the Society in this department 
have also the advantage that they are introduced to ideas 
behind classification generally before carrying out the prac- 
tical work in outports. 

It is with these thoughts in mind that the Author has 
written these notes. The paper is not meant to be a treatise 
on ship construction or on calculating scantlings, but rather to 
give colleagues in outports a picture of ship plan approval 
work, and to assist them in consultation with design staffs, so 
that all necessary information is included on plans sent for 
approval. 

As the title of the paper indicates, plan approval hereafter 
only refers to ship plan approval. 


PLAN APPROVAL IN LONDON 


The work of plan approval does not seem to have general 
appeal to Surveyors by virtue of the office atmosphere com- 
pared with outside work. Nevertheless for those who have an 
inclination for it, it can be very interesting and a feeling for 
the work can be developed. 

The calculation of scantlings from the Rules for straight- 
forward conditions is in many instances a relatively simple 
matter, but difficulties arise when considering items or details 
not specifically covered by the Rules. These require experience 
in assessing whether the item is equivalent to the Rule 
standard of strength and frequently recourse must be had to 
what might be called the Society’s “case law”—i.e. what was 
done in another similar case. One soon learns that ship con- 
struction is far from being an exact science. Much experience 
on the straightforward work can be gained in six months, 
given variety in the type of plan examined, but thereafter new 
knowledge is gained at a much slower rate. In the Author’s 
opinion, it can take a year or more on a variety of plans 
before a Surveyor is really making his presence felt, and more 
before he can be considered competent to tackle any plan 
without some supervision from the more experienced 
Surveyors who are empowered to sign plans. 

On entering the Ship Plans Department the Surveyor is first 
encouraged to equip himself with all the basic reference data 
necessary for the work, chiefly tables of moduli of various 
sections used in other parts of the world or not in common use 
in the U.K., moduli of the girders tabulated in the Rules, etc. 
There is a large number of photostat negatives of this data 
filed in the department, but most of these will now have been 
rendered superfluous by the publication of the greatly enlarged 
properties of section books, which in three volumes (U.K. and 
US.A., Continental and Japanese) cover almost every section 
being rolled to-day for shipbuilding. I should imagine the 
camera man in Fenchurch Street must have heaved a sigh of 
relief when for the last (?) time he copied the same negative 
that he had seen a hundred times before. 


A newcomer with little experience of ship plan approval is 
generally given some straightforward plan to examine, such as 
a watertight bulkhead plan or a shell expansion. He proceeds 
to the best of his ability to refer to the relevant parts of the 
Rules and to the previously approved midship section and 
profile and decks, and it is his responsibility to ask questions 
of his more experienced colleagues on interpretation of the 
Rule requirements. On stating that he is ready to have the 
plan signed, the checking Surveyor gives the plan a general 
examination to see if there are any unusual features and asks 
questions to verify that all the main Rule requirements have 
been checked. As those with sufficient experience to check the 
work of others are generally few in number, the checking 
Surveyor’s services are in great demand and it may not be 
possible to spend as much time with a newcomer as might 
seem desirable. 

After the initial approval of the midship section and profile 
and decks, there are many plans which can be approved solely 
by reference to these two plans. A good memory is an invalu- 
able aid to this work, or failing that, systematic compilation 
of data. 

Certain data is, of course, available to every Surveyor 
engaged on plan approval work in the form of ‘“‘administra- 
tion notes” —at the end of December, 1962, these consisted of 
123 minor items and 100 Plan Approval letters dealing with 
special subjects issued since January, 1956 (the data in 27 of 
these letters has from time to time been incorporated in the 
Rules). 

Of course, all this data is not in constant use, but the 
Surveyor on ship plan approval must be aware of the exist- 
ence of each piece of supplementary information and _ its 
application, so that he may refer to it, even though he does 
not remember the exact wording. 

It might appear that all these decisions should be incor- 
porated in the Rules, but doing this would make the Rules 
very unwieldy, and in addition the entire range of decisions 
is only in occasional use by the whole department, although 
certain Surveyors in specialist work may need to refer to 
specific items frequently. However, from time to time it is 
possible to incorporate certain items in the Rules—for 
instance, the publication of the latest Tanker Rules meant that 
the decisions relating to the construction of tankers over 
620 ft. in length (the limit of the previous Rules) could be 
cancelled. The power to amend the Rules is one which is 
vested in the Committee, and these guidance notes on admini- 
stration are not to be considered Rules. Their origin is 
generally the Ship Research Department, and their distribu- 
tion has in the past been limited to plan approval ports where 
they were intended to be confidential and only for the use of 
the surveyors, but in future all building ports will receive them. 
There are occasions, of course, when it is necessary and 
desirable to furnish shipyards with this information for use in 
the design stage. Generally, the plan approval letters are an 
interim measure to keep plan approval ports in touch, or 
sometimes to obtain further information with regard to local 
practice on particular subjects before making a definite policy 
decision. In the latter case, where the information is pro- 
visional only. it may be unwise to pass it on. 


One cannot discuss the question of plan approval in the 
London office without reference to the clerical side of the 
work. 

Most letters forwarded with plans are dealt with on a 
straightforward basis by endorsing the accompanying letter 
on the back of one corner (where there is stamped the depart- 
ment to which the case has been referred) with the words 
“submitted for approval” or “submitted for approval as 
amended”. The word “submitted” is an abbreviation used to 
denote that all plans are approved on behalf of the 
Committee, and to them in theory the surveyors submit their 
recommendations regarding the appropriate action to be 
taken. Printed forms with appropriate blanks to be completed 
are used by the clerical staff to forward these plans to builders 
or surveyors. 

Somewhat more involved, however, is the case of approval 
of midship sections. These endorsements are typewritten 
statements commencing with a heading such as:— 


“Single Screw Bulk Carrier proposed to be built 
De rn tae on As ae als wana aan dene aes Caen ae 


with a view to class.” 


Thereafter come the Owners, Dimensions, Proportions of 
Length to Depth and finally Draught. In the case of ships 
built under the metric system, where the metric dimensions 
are likely to be in round figures, it may be advantageous to 
quote these in addition to the necessary feet units. The depth 
to the second deck in O.S.D. ships, and the depth and propor- 
tions to a trunk deck, where fitted, should also be indicated. 

A brief statement of the titles of the plans forwarded with 
number of copies and date of letter follows, and then a 
paragraph describing the type of ship, type of framing, extent 
of riveting and welding, any previous similar ships, or any 
unusual features. 

The above preamble is followed by the submission to the 
Committee that “provided the scantlings and arrangements as 
shown and amended be adhered to, the Rules in all other 
respects be complied with, and the materials and workman- 
ship be to the Society’s satisfaction (condensed on the 
endorsement to the word “Compliance”), the ship will be 


eligible to be classed 100A1 with the notations................... 
the scantlings being suitable for a summer draught measured 
apovestoniotukeel OL ABOU 2a tins esnainearernc swt censipn ce cated The 


minimum freeboard will, however, be determined on comple- 
tion of the ship by the Regulations of the Load Line 
Convention”. 

In the case of ships building abroad where not all steel- 
works have been approved by the Society a “Steel Note” is 
added, viz: — 

“The steel to be used in the construction. of the ship(s) 
must be made by the open hearth, electric furnace or other 
approved process at Works recognised by the Committee, and 
be tested by the Society's Surveyors in accordance with the 
requirements of the Rules.” 

The reference to the freeboard being determined on comple- 
tion is to take account of the fact that the draught on which 
the approval of the scantlings has been based is the result of 
a preliminary freeboard computation and when lengths of 
superstructures, sheers, etc., are measured full scale, the new 
figures may result in minor differences in the final freeboard. 
To take account of this the scantlings are, however, calculated 


on a draught + in. greater than that derived from the pre- 
liminary calculation, unless the ship is intended to have a 
designed summer draught (i.e., not the maximum obtainable 
under the Load Line Rules) when the exact figure is used. A 
designed all-seasons draught is treated as a winter draught 
and an addition made to obtain the corresponding summer 
draught. 

On the basis of the above information the clerical staff 
write the letter and it is signed by them on behalf of the 
Secretary. Typewritten endorsements are prepared by the 
Surveyors for the guidance of the clerical staff in all cases 
where it is considered desirable to make the approval 
conditional, or where a letter is being replied to. The endorse- 
ments often contain a preamble giving the reason why a 
certain decision has been made, which may be useful at some 
future date. 

The letter accompanying the Midship Section is very 
important as it indicates the character which will be assigned 
on completion and this may be the basis of the contract 
between builders and owners. A thorough understanding is 
therefore necessary of the meanings of 100Al and Al for 
restricted service, or these characters without the figure 1, the 
presence of which denotes that the equipment is in accordance 
with Rule requirements. 

The character 1OOA1 may be followed by various notations 
such as “Oil Tanker”, “Ore Carrier”, “LPG Carrier”, “Tug” 
or “Trawler” for all of which the Society has special published 
requirements. There are other types of ships for which the 
Society has no published requirements, but which are dealt 
with in accordance with established practices, and in these 
cases also a suitable notation is added to the class. Examples 
of these are Dredgers or Hopper-Barges where the design 
features are of course such that normal cargo ship rules 
cannot apply. Intermediate between 100A1 with or without 
the notations referred to above, and Al for restricted service 
in specially sheltered waters, are the cases where somewhat 
broad service limitations are placed on the ship—such as 
Coasting Service between certain defined limits. Sometimes 
scantlings or equipment concessions are made on the basis of 
these restrictions, e.g. cross-Channel ships for which there is 
a special practice, and at other times the restriction is made 
solely to agree with the service limits placed on the Loadline 
Certificate. 

It does not always follow, however, that the Loadline 
Certificate and Class agree, as in cases where the load line 
assigning authority is not the Society, the national authority 
concerned may have certain zones to which it restricts ships 
of a given size, fuel capacity, or crew. 

On every occasion on which a Midship Section is approved, 
i.e., even when revised plans are submitted, the terms of the 
initial letter are repeated. 

The Surveyor receiving plans from London or other plan 
approval ports may have observed that, whereas some plans 
are stamped and initialled, others are merely “noted” and 
initialled. To refer first to the stamping, all approved plans 
are stamped either with an embossing stamp bearing the 
Society’s crest or with a rubber stamp of the office concerned. 

Plans which are approved in association with qualifications 
contained in the accompanying letter are endorsed “See 
letter”, whilst in those cases where previously approved plans 
are re-submitted with amendments which the builders have 
circled in coloured pencil (red should not be used), the plan 
may be endorsed to the effect that only these parts have been 
re-examined and approved. In such cases the Surveyor will 
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require to ensure that the as-fitted plan is corrected in 
accordance with both sets of amendments. 

Plans which are not approved may be marked “Noted” and 
iniualled. General arrangements and calculations are dealt 
with in this way, merely to indicate that the Society has 
received these drawings, and possibly used the information 
thereon in approving other drawings. Other plans may also 
be forwarded for information which are not required for 
classification or where it is not necessary for the Society to 
express an oOpinion—these are similarly dealt with. In 
some cases it is not at all apparent that Lloyd’s Register 
has noted the plans concerned as they are initialled without 
any reference to the Society. While it is probably unlikely that 
these “Noted” plans will be mislaid by builders, it would be 
a tidier method of dealing with them if all approved plans 
were stamped with an embossing stamp and all “Noted” plans 
with a rubber stamp bearing that word and the local office to 
distinguish them from approved plans. 

Where sister ships are built to previously approved plans a 
surveyor may request permission to endorse the original 
plans with the new yard numbers, without submitting a 
complete set of plans. This, however, is not always possible 
since, with the numerous changes in the Rules made in recent 
years, one often finds that certain features previously allowed 
can no longer be approved. In such cases it is useful to have 
a brief summary of the principal amendments to the Rules 
in the various Notices as they affect plan approval (not survey 
work) and their date of application. One used by the author 
is given in Appendix I. In this connection, an experience 
which was rather disturbing to the Author when abroad was 
to receive plans for approval identical to those previously 
approved for the same yard a year earlier, but without any of 
the amendments previously made. Did this betoken that none 
of the amendments had been incorporated in the ship? 
Fortunately, this was not the case, and the explanation was 
that this small shipyard had no drawing office staff and 
received its plans from a design bureau. The amended plans 
received from the Society were, in fact, to be seen hanging in 
the workshops, and no attempt was ever made to alter the 
original tracings. Such cases. which mean that much time 
must be used in recopying the amendments, are fortunately 
not common. 

Plans are often received with the requirement that the 
Society indicate minimum scantlings, but it is now the 
Society’s practice to do this whether requested to or not in 
all cases where appreciable savings in weight can thereby 
be made. Exceptions are items where the Society would be 
prepared to accept lesser scantlings had these been proposed 
by the builder, which if left unaltered result in a sturdier 
construction. Alternatively, the Society has no specific require- 
ments for the items concerned. 

One aspect of approving plans which may have led to some 
eyebrow raising on the part of outside surveyors is the 
approval of details of construction which, while they are 
satisfactory, are yet very difficult to put into practice without 
considerable accuracy in working. The explanation is that it 
is not practicable for the Society to differentiate between the 
capabilities of different shipyards, and provided it is evident 
that the detail can be made, it must be approved. The ship 
is, however, to be built to the Surveyor’s satisfaction, and 
providing he is satisfied that the workmanship required is 
beyond the yard’s present capabilities, he is quite at liberty to 
recommend a suitable alternative, either when submitting the 
plans or after their approval. 


Since the advent of welding, it has been possible to make 
good mistakes which in riveted construction would have 
necessitated remaking the parts concerned, and yards which 
in the past would not for instance have attempted riveted 
tanker construction because of the high standard of work- 
manship necessary to maintain oiltightness, may now under- 
take anything that their more experienced competitors build. 

Mention has been made above of specialisation in plan 
approval, and in this respect the demand for urgent approval 
of plans has led, as in other fields of industry, to allocating 
certain plans to specific surveyors, e.g., steel hatch covers, 
rudders and sternframes, bulk carriers, tankers, trawlers, tugs, 
etc. The suveyor concerned is able to deal rapidly with the 
plans in which he specialises but he should always bear in 
mind the benefits of wider experience. This applies especially 
if he aspires to assist in a plan approval department in one of 
the Society’s other plan approval ports in the U.K. (Glasgow, 
Liverpool or Newcastle) or maybe abroad, where he will have 
to deal with the entire range of ship plans and many other 
questions not in his special field. 


PLAN APPROVAL ABROAD 


The Society now has offices for ship plan approval in 
Copenhagen, Gdansk, Genoa, Gothenburg, Hamburg, Kobe, 
Montreal, New York, Rijeka, Rotterdam and Sydney, to any 
of which a plan approval surveyor may be transferred—there 
is therefore no ground for complaint that the work is too 
restrictive compared with outside survey work as far as service 
abroad is concerned. The surveyors in charge of these depart- 
ments are, to quote a typical letter of authorisation, “author- 
ised to approve hull plans which are covered by the Rules, of 
ships building or intended to be built in.....................0.0.0008 
to the Society’s classification, including plans of midship 
section and profile and decks, but excluding midship section 
and profile and decks of ships of special type. These latter 
are required to be forwarded to Head Office for approval of 
the main scantlings and arrangements. All proposals of a 
novel or exceptional character must also be forwarded to 
Head Office for approval”. 

The question of what is novel or exceptional is one which 
is left to the surveyor’s discretion and inclination—one might 
say that the longer his experience the less exceptional do the 
novel proposals appear to him. Copies of the approved plans 
of midship section and profile and decks and the approval 
letter and a brief description are sent to London, so that full 
information is available there of all ships which have been 
approved abroad. These plans are not checked in detail in 
London, but are examined to see whether the surveyor has, 
in fact, approved any novel arrangements! Approval of all 
other plans is the complete responsibility of the surveyor. 
There is of course no “endorsement system” as in the London 
office and all letters are signed “for the Surveyors.” 

Many of these ports have, of course, very small plan 
approval staffs—only one man in some cases; but their 
presence is valuable in obtaining quick approval for local 
shipbuilders, and very large volumes of tonnage have been 
approved in these ports as reference to tonnages built to the 
Society’s class in these countries would show. 

When a Surveyor in a one man approval port is on leave 
or is sick, the work generally comes to a temporary standstill. 
since little time is saved by sending current work (as opposed 
to plans of midship section and profile and decks) to London, 


where the staff are generally unfamiliar with the ship. How- 
ever, there are ports where former plan approval surveyors 
are serving on the outside staff, and it may be possible for 
them to help out in these cases—Rotterdam in particular 
springs to mind. Where, however, a Surveyor has been off this 
work for a few years, and has not had time to keep himself 
abreast of changes in the Construction Rules, it may take him 
as long to refamiliarise himself with it as the length of his 
colleague’s absence. Where there is more than one surveyor 
actually working on plan approval, there is the advantage that 
one may be quickly replaced with little overlap, as his 
colleague will be familiar with the work and able to pass on 
the information to the newcomer. Where two surveyors are 
employed, double the output is seldom achieved as it is very 
often helpful to discuss a problem with ones’ colleague before 
coming to a decision in a difficult case. 

In connection with the forwarding of plans to London for 
approval of unusual arrangements it is a good practice always 
to retain one copy which is subsequently duplicated from the 
copies returned from London. This ensures that one is 
thoroughly familiar with the amendments made and may 
reveal changes in London practice. 

Although the Author has only served in two plan approval 
ports abroad, his conversations with other colleagues have 
shown that the pattern of work and the differences between 
such work abroad and in London are fairly uniform. 

The principal difference is that the offices are in close 
geographical contact with the shipbuilding yards, and there- 
fore many queries have to be answered on the telephone. In 
addition, there are discussions in the office regarding new 
designs or the effect of changed dimensions on scantlings 
already approved. Some countries are noted for the fact that 
every amendment which cannot be traced from the Rules 
results in a query as to why it has been made; it is not that 
these builders are being awkward, but that they want to 
improve their knowledge of shipbuilding and of the Society’s 
attitude to certain items. Such conditions mean that every 
amendment must be more carefully considered, and of course 
all yards must be similarly treated, although there may be 
minor differences between one plan approving port and 
another. 

Copying the amendments on to builders’ and surveyors’ 
copies of the plans can be a somewhat tiresome chore, but 
some ports have clerical staff who assist on this work. It may, 
however, be lightened somewhat by having a large variety of 
rubber stamps with wording which is no doubt familiar to 
colleagues who receive these plans. 

In many ports the plan approval surveyor will be the only 
surveyor who is constantly available in the office, and he may 
therefore have to answer queries normally considered outside 
his province, as well as those from colleagues who are not so 
fortunately placed as he is, as regards familiarity with rule 
requirements. 

In the case of the smaller staffed ports, these “diversions” 
can represent a serious drain on the surveyor’s time, but, of 
course, it is essential to maintain friendly and helpful contact 
with the builders especially where they may in the past have 
been building to other classification societies’ requirements. 

The next difference lies in the presentation of the plans. 
Due to differences in the system of steel ordering, it is 
customary to submit plans of midship section and profile and 
decks which are extremely detailed, the former showing in 
addition fully detailed sections through machinery space and 
forward holds, and the latter showing tank top, pillars and 


girders, bulkheads, fore and aft framing, etc. The approval 
of these plans enables the builders to order the great majority 
of the steel at one time, whereas the conditions in the U.K. 
appear to permit steel to be ordered piecemeal. The examina- 
tion of these detailed plans requires considerable care and 
concentration as it is usually extremely difficult to get things 
altered should one so desire, when a second look at the larger 
scale plans of various items shows an undesirable feature 
which was overlooked on the original plans. As it takes a 
considerable time to draw such detailed plans, by the time 
they reach the Society’s office, their approval is urgently 
required, and as the Society’s approval is, as it were, the last 
link in the chain before the steel can be ordered, the pressure 
on the plan approval staff in the days of the shipbuilding 
boom was heavy. Though these days are over for the time 
being, the urgency still seems to remain, because now ship- 
yards are short of work and steel is readily available they 
are eager to commence construction as soon as possible (at 
home or abroad). The more things change. . . . 

A glance at D.108 of the Rules and a comparison with the 
type of plan referred to above would show that many of the 
plans listed as requiring to be submitted for approval have 
been incorporated in the profile and decks, but this does not 
prevent them being submitted later drawn to a larger scale. 
It would be sufficient for the Society’s purpose if the plans for 
classification were outline plans giving main scantlings only, 
provided the surveyors could examine all detail work on the 
ship, or see that the plans issued to the yard incorporated the 
approved scantlings and did not include badly designed 
details. However, methods of construction, especially in the 
realm of prefabrication, have altered so much that those sur- 
veyors having plan experience are at a great advantage in 
discussions at drawing office level. These discussions frequently 
obviate the necessity for sending in working plans. Much, 
however, could be done to reduce the flow as in many 
instances the Society is merely being asked to check one plan 
against another to see that they agree, the scantlings already 
having been approved. This sort of practice differs consider- 
ably between countries and between shipyards, but once the 
practice is started of approving working plans, it is difficult 
to stop and involves both increases in staff to deal with the 
volume of plans and possibly a diminution in responsibility 
and interest of the surveyor on the ship. 

Before the days of welding and prefabrication it was not 
necessary to draw such detailed plans as is nowadays the case, 
since the shipyard workers were more in the nature of crafts- 
men and the practices associated with good riveted construc- 
tion were well-established. Errors in drawing would be 
detected more easily before preparing material as one plater 
would, for instance, be responsible for all the shell, or a 
complete deck, etc. To-day, however, the division of the work 
is by prefabricated sections and good construction depends 
more and more on the way these are arranged on the drawing 
board. In these circumstances, it appears that once an error 
is made in a drawing, it is very difficult to pick it up on the 
fabricated section and it usually only appears when the 
sections are assembled at the ship. The checking of plans 
before they leave the drawing office is therefore doubly 
important and it would appear that correctly drawn plans 
will, in general, ensure a well constructed ship, apart of course 
from errors of workmanship and welding. As an example 
of what can go wrong, the author had the experience of 
amending on the approved plans some butts in longitudinals 
in relation to the butts of plating in prefabricated sections. 


Although the amendment was made by the design department 
of the shipyard, it did not prevent the original construction 
being erected at the ship, and picked up by the Surveyor. It 
appeared that the mould loft staff who were responsible for 
producing large-scale drawings for the optical marking system 
had reverted to the original construction for easier fabrication, 
without referring the proposed change to the design staff who 
were aware of the reason for the amendment. This, of course, 
was a fault in yard organisation which it would be very diffi- 
cult for a surveyor to observe until too late. 

Apart from knowing the Society’s requirements one must 
also try to be in a position to advise builders about other 
national requirements (especially M.O.T.) when a ship is being 
built for export, to avoid incorporation of features such as 
means of closing tonnage openings and heights of coamings, 
etc., which, while acceptable for classification, will not be 
acceptable as regards tonnage, crew accommodation, etc. 

In London all preliminary freeboard calculations are made 
in the Freeboard Department, but abroad and in other ports 
in the U.K., these have to be made by the surveyor before 
commencing to check the plans, in case the builder has made 
a mistake in the draught, which would affect the scantlings. 
A good working knowledge of freeboard is therefore 
necessary, but, unless the surveyor has already spent a con- 
siderable time on computations in the Freeboard Department 
he is sure to have initial difficulties, especially where national 
authorities have interpretations of the Rules which are different 
from the M.O.T.—for instance, in respect of the superstructure 
and sheer arrangements of some small coasters. Trunk deck 
tankers can also present problems. It is essential, however, to 
be thoroughly familiar with the effect on freeboard of the 
means of closing openings, also the regulations regarding the 
heights of coamings in partially enclosed superstructures. 
Copies of all preliminary freeboard computations are for- 
warded to London for checking and metric units should be 
used where applicable, to avoid possible errors in conversion 
to feet and inches, and if displacements were always quoted 
in terms of metres® (i.e. volume) much confusion regarding 
the type of “ton” used would be avoided. 

An interesting point about service on plan approval abroad is 
that one is constantly considering how London would deal with 
a particular problem. As one’s experience of London practice 
ends when one leaves it, this can result in one carrying on with 
certain minor practices long after London has discarded them. 
Whether or not the local shipbuilders are particularly enter- 
prising as regards novel forms of construction or have been 
doing something entirely different with complete success for 
years past will, of course, influence one’s attitude to these 
problems. Notes should be kept of the various minor questions 
as they arise so that they may be discussed if an opportunity 
is offered to visit the London Office. 

Lest it be thought plan approval abroad is all hard work, 
there are many compensations, chief of which are that one 
is in a key position in the shipbuilding community with as 
much responsibilty as one wishes to assume, the sympathetic 
backing of one’s colleagues in London, especially of those 
who have had similar experiences, and the fact that unlike 
London, one is able to see ships being built in steel, and not 
only on paper, added to which one should mention the 
opportunities for discussion with one’s outside colleagues. 


FILING OF CALCULATIONS AND RECORDS OF 
CURRENT WORK 


Before turning to more specific aspects of plan approval, 
it might be of interest to refer to the method of filing adopted 
by the plan approval staff in Hamburg. In that port copies 
of all outgoing letters from the department are filed in the 
department, often together with the relevant calculations on 
foolscap, in a hanging file system. This is in addition to the 
normal filing system of the office. By this means there is a 
ready reference at hand for use with any telephone query and 
all calculations for a particular ship can be together instead 
of scattered throughout a surveyor’s calculation book. 
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When the ship is complete, it is possible to discard all 
straightforward letters, and to retain only those involving 
interesting decisions. A record is also kept showing the 
principal dimensions and type of all ships built in each yard. 
This is useful to find a ship of similar size already dealt with. 

Regarding record of current work, this is entered under 
the headings: —Yard ; Number; Job; No. of plans received ; 
(e.g. 2° means two plans in triplicate), Date of letter; Date 
received; Date dealt with; By whom. A graph of current 
work in hand is also drawn week by week as shown in Fig. 1. 


Such a graph can give interesting information by showing 
whether or not the general trend of incoming work is re- 
maining constant. The curve of “cases remaining” should 
remain reasonably parallel to that of “cases received” but one 
seldom sees them cross unless there is a substantial reduction 
in the number of cases coming in. On the other hand, receipt 
of plans of midship section and profile and decks for a new 
ship, the examination of which holds up other plans, will 
cause the lines to diverge until these extensive plans have been 
dealt with. Leave for one of the surveyors has a similar effect. 
By entering new ships on the right of the diagram, a quick 
comparison can be made between the number of ships dealt 
with in the current year and preceding years. 

It would be interesting to hear if anything similar to the 
above is done at other plan approval! ports. 


SOME SPECIFIC ASPECTS OF PLAN APPROVAL 


Longitudinal Strength Calculations 


Before examining a midship section and profile and decks, 
it is necessary to have a look at the general arrangements to 
see whether they are such as to require special investigation 
as regards longitudinal strength, and some notes on the factors 
influencing the latter may be useful in discussions with 
designers. 

Longitudinal bending moments depend in sign and mag- 
nitude on the relationship between the value of the mean 
LCB of the fore and aft bodies, and the value of the mean 
LCG of the light ship plus cargo or ballast, fuel and fresh 
water. The difference between these two figures (sometimes 
called the eccentricity) multiplied by half the displacement 
gives a very close approximation with level trim to the maxi- 
mum still water bending moment. If the mean LCG of the 
hull, etc., exceeds the mean LCB of fore and aft bodies, a 
hogging bending moment results. However, if the mean LCB 
exceeds the mean LCG, a sagging bending moment is pro- 
duced. It might be mentioned here, that, unless there is excep- 
tionally heavy machinery amidships, an empty ship will have 
a mean LCG greater than the mean LCB and will therefore 
hog. 

Referring first to the mean LCG. That of the hull alone 
ex machinery will vary with the type of ship, i.e., whether 
cargo ship, tanker, ore carrier, etc., and with the extent of 
erections. The C, may also have some influence, although it 
is not at present the Society’s practice to take this last into 
account. In a ship of given dimensions and type, however. 
the figure for hull only will remain almost constant and the 
mean LCG of the loaded ship will vary mostly with the 
position of the machinery space, as this will in turn determine 
the mean LCG of the heaviest additional item—the cargo— 
which the Rules assume to be homogeneously distributed in 
proportion to hold capacities. 

With the machinery amidships the value of the mean LCG 
of the cargo will be a maximum and this, associated with 
the hogging moment of the empty ship referred to above, 
will produce a high S.W. hogging bending moment amidships. 
The addition of an empty deep tank adjacent to the machinery 
space, refrigerated cargo capacity amidships, or of cargo in 
poop and forecastle will further increase the mean LCG of the 
cargo, and accentuate the hog. (The foregoing conditions, 
except for refrigerated cargo compartments, are covered in 
the Rules.) 

Moving the machinery space further aft reduces the mean 
LCG of the cargo space with beneficial effects on the S.W. 
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hogging moments when loaded. With machinery right aft, 
these bending moments may be either hogging or sagging 
when loaded, depending on the length of the cargo space in 
relation to length of ship, the latter ratio depending on the 
commodity carried. 

In tankers the relative length of cargo space is small 
compared with a cargo ship, since the cargo carried has a 
restricted range of density, and this results in a S.W. sagging 
bending moment when uniformly loaded, this being worse in 
the arrival condition when fuel at the ends of the ship has 
been consumed. Bulk carriers, with machinery aft, however, 
have to be designed to take a wide range of cargoes as regards 
density and as a result of hopper side and upper wing tanks 
(introduced to give adequate ballast and self trimming 
properties) have cargo spaces extending to the fore peak 
bulkhead. In such bulk carriers therefore small hogging still 
water bending moments are likely. 

As regards the mean LCB of the fore and aft bodies this 
is determined by the formula given on page 5 of the Society’s 
publication, “Longitudinal Bending Moments”, by J. M. 
Murray. It can be observed from this formula that for a 
mean load draught of 0.06L the value of the mean LCB with 
a C, of 0.80 is 0.206L and for a C, of 0.68 is 0.185L, while 
at a mean ballast draught of 0.03L these figures become 
0.197L and 0.172L respectively, i.e., for a given LCG of ship 
and cargo, reducing either the draught or the C, increases 
eccentricity. From these figures it is also possible to 
assess qualitatively the effect on the S.W. bending moments 
of adding weights to the ship, since those added at distances 
from amidships greater than the value of the mean LCB will 
tend to induce hogging moments and vice versa. As stated 
above, a formula is used to obtain the mean LCB but in fine 
ships with large bilge radius and in cases of large trim in the 
ballast condition it may be found that the actual mean LCB 
as determined from Bonjean curves gives a higher result than 
the formula, thus reducing the S.W. moment for a hogging 
condition. Builders are quite at liberty to submit such data 
for consideration. 

Attention has been drawn to the desirability of siting the 
machinery aft of amidships to minimise stresses in the loaded 
condition but in ordinary cargo ships as opposed to bulk 
carriers, this process may lead to difficulties with trim in 
the ballast condition. It then becomes necessary to provide 
additional ballast forward to offset the weight of machinery 
aft, either by means of a deep No. | double bottom tank or 
by an increased capacity of fore peak. These measures lead to 
increases in the mean LCG and therefore to the hogging 
bending moments for this condition, and may necessitate 
increases above Rule scantlings solely for the ballast condi- 
tion. As an alternative to the above, a deep tank can be 
provided at the fore end of No. 2 hold and this will not 
increase the stresses by the same amount by virtue of the fact 
that, to obtain trimming moments similar to the first arrange- 
ment, additional ballast capacity must be provided, resulting 
in increased draught, a corresponding increase in the mean 
LCB, and smaller increase in hogging moment for the ballast 
condition. It might be remarked here that, if the centre of 
machinery space was located not further aft of amidships than 
the value of the mean LCB (at the ballast draught), an accept- 
able compromise between stresses in loaded and_ ballast 
conditions will be obtained. 

Figs. 2a and 2b illustrate the change in the position of mean 
LCG with varying positions of a machinery space of con- 
stant length. 
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S.W. stress is proportional to product of displacement and distance between mean L.C.B. & L.C.G. 


NOTES ON BALLAST CONDITIONS 


Point A. Distribution of W.B. etc. as diagram, 
Point B. 
Point C. 
Point D. 
Fic. 


machinery afc, A = 8300 ton, trim excessive 


Distribution as A but level trim obtained by adding 700 ton in No. | hold, A = 9000 ton 
Distribution as A bur x/L = 0°181, moderate trim aft, A = 8300 ton 
Distribution as C but level trim obtained by adding 340 ton in No. | hold, A = 8640 ton 
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Effect of machinery space position on longitudinal strength. 


Little difficulty is likely to be experienced with the 
longitudinal strength in ballast of bulk carriers, as they have 
ballast capacity spread over the entire cargo space, and a 
suitable distribution to meet longitudinal strength require- 
ments can be usually be arranged. If, however, it is proposed 
to fit a deep tank forward for fuel or water ballast, then the 
effect of this might require investigation, both as regards 


loaded and ballast conditions in ships larger than about 
600 feet. 

As regards bulk carriers with machinery aft, intended to 
carry Ore in alternate holds when others are empty, lengthy 
investigations have shown that, although the still water 
bending moments near amidships may be small, those clear of 
amidships may be much larger. The Society has always laid 


SHIP PARTICULARS 
Draught 28:2’ Cc, @d 0-06L = 0-72 


Machinery 700 ton. 


Length 470° 
A 17950 ton 


Breadth 65:5" Depth 42’ 


ll 
Hull and ourfit 5250 ton. Modulus 29800in fr. 


O-1SL 0-4L 
Machinery space 
| 
8 
<7 ° 
& m 
et : | 
| 
0-9L ’ 


Assumed distribution of total D.W. (i.e. including O.F. & F.W.) (12000 ton) 


Assumed distribution of O.F., F.W. & W.B. in ballast condition (A = 8300 ton) 


Fic. 2b 
Particulars of ship and assumed distribution of weights for curves in Fig. 2a. 


great emphasis on obtaining moderate still water stresses as 
these may be present throughout the life of the ship, unlike 
total stresses on long waves, which may only be met 
occasionally. Taking this view therefore, the fact that the total 
stresses well clear of amidships in the above cases may be 
lower than those at amidships (due to the shape of the wave 
bending moment curve) is not so important as the fact that 
the still water stresses in these regions are high. It has been 
found impossible in practice to ascertain by quick methods 
with any degree of accuracy the values of the S.W. bending 
moments clear of amidships in these types of ships and as the 
shear stresses may also be of importance, it has been found 
necessary to request builders to prepare complete still water 
bending moment and shear force diagrams for these special 
conditions and for the required class notation to be associated 
with a definite distribution of cargo. 


Fig. 3 shows the effect on the still water bending moment 
curve of variations in hold loading when only three or four 
out of seven holds are loaded. 

In carrying out investigations into longitudinal strength 
in loaded or ballast conditions, certain information is 
necessary, and this is given in Appendix II. 

It would simplify matters from the plan approval view- 
point, if builders submitted a small-scale capacity plan with 
the proposed disposition of ballast (or cargo), fuel and fresh 
water indicated in coloured pencil, together with the LCGs of 
the various holds and tanks. It is realized such information 
may be only approximate in the design stage but it is likely 
to be more accurate than an estimate made by the Society 
without the data available to the builders. 

For fuel and fresh water the Society’s acceptable stresses 
in dry cargo ships are related to half O.F. anad full F.W. in 


Allowed S.W. bending moment (tanker standard) 


B.M. with higher percentage in centre hold ae 
¢ 


N 
(a Allowed S.W. bending moment (canker standard) 
_——— eae Se SS ee 
em 
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Jv S.F. with higher percentage in centre hold 


Allowed S.W. bending moment (tanker standard) 


Fic. 3 


Variations in bending moments and shear force with certain holds full and remainder 
empty. Bending moments and shear force assumed approximately zero at machinery 
space buikhead. Length between perpendiculars 562 ft. 
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the departure condition and quarter O.F. with quarter F.W. 
in the arrival condition, whichever gives the higher stress. 
Builders might usefully arrange their proposals accordingly. 
Consideration is also given to conditions during the voyage 
where for instance midship double bottom tanks may be 
emptied of O.F. before end tanks because of trim restrictions. 
These often result in higher hogging stresses in ballast than 
the arrival or departure conditions when machinery is aft. In 
such ships midship double bottom tanks should be designed 
for W.B. only or if impracticable for O.F. or W.B. 

The Society endeavours in all cases to take a realistic view 
of the condition and assumes that, subject to the foregoing 
trim considerations, fuel and fresh water further from amid- 
ships will be consumed first. This practice can be compared 
with that of other Societies, where it is sometimes assumed 
that all tanks amidships are nearly empty with those at the 
ends full for hogging conditions, and vice versa for sagging 
conditions. With this latter procedure, higher design still water 
stresses can be accepted, which are, however, not likely to be 
met with in practice. Added to this is the fact that these 
Societies appear to use only total stress on waves as a criterion 
and do not emphasise the importance of the relative magni- 
tudes of still water and wave stresses as is done by Lloyd’s 
Register. 


Midship Section and Profile and Decks 


It has often occurred to the Author that a considerable 
amount of draughtsmen’s time, also checking and amending, 
could be saved if the practice was adopted of indicating the 
deck thickness on the deck plans only and not on the midship 
section—this is done already by some yards. Similarly, all 
yards may not be aware that in the great majority of ordinary 
cargo ship designs, the bottom shell and double bottom, bilge 
and side shell scantlings (not sheerstrake) can be approved, 
independent of the topside and deck scantlings. It is thus 
possible for builders to submit a midship section showing 
main dimensions and the outline of decks, but with full details 
of the double bottom and have this approved to enable steel 
ordering to proceed more quickly. Where engine seatings are 
indicated on midship sections the power and type of the main 
machinery should be stated. 

There are a number of terminal points for scantlings given 
in the Rules, and it is surprising how often these are omitted 
from plans submitted for approval, although they must have 
been used to draw the plans. It would save some time if 
surveyors could ensure that the points indicated in Appendix 
III were indicated on the plans where applicable. These 
terminal points should also be indicated on shell expansion 
plans and on detailed deck plans as applicable, as well as 
profile and deck plans. 

It may be of interest to mention that one method of ascer- 
taining plate thickness between the limits of amidships and 
end thickness is by drawing a straight line between ordinates 
erected at the terminal points, having heights corresponding 
to the rule thickness at these points. The intermediate thick- 
nesses are then read off at the centre of each plate. 

With prefabrication it sometimes happens that the limit of 
a fabricated section occurs just within a midship thickness 
terminal point. In such cases, the adjacent panel should be 
of midship thickness, and this should be borne in mind in 
arranging the panels. Where this occurs in bottom shell 
forward in cargo ships it is also better to make the adjacent 
panel aft of increased thickness in view of the high speed of 
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modern ships in ballast with the resulting tendency for damage 
to occur further aft. 

All openings outside the line of hatchways in strength decks 
must be compensated (except as qualified by the Instructions 
to Surveyors Part 2a 1950 Para. 6). From a theoretical point 
of view it appears better to spread the reinforcement over as 
large an area as possible, rather than by local doublings, 
although such a procedure is not so important in a second or 
third deck. Trimmers escape openings in these latter decks 
outboard of the line of main hatchways are not required to 
be compensated, if they are situated between, and well clear 
of the hatch ends. 

As regards prefabrication, it would be interesting to hear 
outside surveyors’ opinions as to whether complete ring welds 
lead to more or less difficulties in “fit up” (and hence work- 
manship) compared with staggered butts on adjacent units. 

If riveted seams are arranged, the location of welded butts 
in line in adjacent panels will lead to complications in com- 
pleting the welding of the butt. 

The practice of arranging riveted seams at the junction of 
side frame with tank side bracket is to be discouraged, as it 
may lead to movement and leakage in service at this highly 
stressed point. The location of the shell seam at the foot of the 
bracket, in cases where the tank top is horizontal with frame 
brackets above, may also lead to working when riveted frames 
are employed. If such a construction is absolutely essential it 
is good practice to close up the rivets in the frame at the lower 
end. 

Where frames pass through a horizontal tank top in No. | 
hold and are attached to the floors below, small brackets 
should be fitted between frames and tank top if cracks in this 
area are to be minimised. 

Plans often show scallops in stiffeners or frames arranged 
in way of prefabricated section butts. These should not exceed 
6 in. (150 mm.) as for a normal scalloped stiffener, but have 
a habit of being considerably larger when examined at the 
ship! Surveyors should, therefore, be on the look-out for this 
feature. 


Conversions and Alterations 


(1) REQUIREMENTS FOR DEEPER LOADING 

Many dry cargo ships are to-day built with scantlings and 
arrangements for the maximum draught with the tonnage 
opening closed, and the question of increased draught for 
open shelter deck ships is of less importance than formerly. 
However, the following paragraphs give the items principally 
affected in cases where the scantlings are only suitable for the 
open shelter deck draught. 


(a) SHELL 

Increases in draught which are permitted when ships 
designed as open shelter deckers are converted to closed shelter 
deckers are generally of the order of 18 in. (460 mm.) and 
with such increases it is not necessary to reinforce the bottom 
shell by means of doublings. 


(b) DECKS 

Additional deck area in the form of doublings port and 
starboard on the stringer plate or sheerstrake is required 
(generally over 0-5L amidships) unless the deck had originally 
more area than necessary due to minimum thickness con- 
siderations. 


———— 


(c) FRAMING 

The reinforcement to tween deck and hold framing gener- 
ally consists of reverse bars, but in order to have the desired 
effect in strengthening the framing they should not be fitted 
more than five frame spaces apart and it is essential that they 
overlap the beam knees and tank side brackets. In cases where 
the tank side brackets are approximately horizontal a rein- 
forcing effect can be obtained by increasing their height. 
Concessions can be allowed in regard to bracket floors (frames 
and reverse frames) unless the deficiency in strength with the 
new draught is such that struts or additional struts are needed. 


(d) BULKHEADS 

Whether a dry cargo ship will survive if bilged in a hold 
involves many factors, such as length of the hold in question, 
whether it is occupied by cargo and the permeability of that 
cargo. Most of these are beyond the contro! of a classification 
society and therefore there is a tendency to regard transverse 
bulkheads more from a structural than a sub-division aspect. 
Nevertheless, owners should be made aware that a concession 
is being given as regards compliance with the Rules when 
some ‘tween deck bulkheads are omitted in conversions from 
open shelter deckers to closed shelter deckers. Their attention 
should also be drawn to the fact that the fire prevention 
arrangements may be affected if certain ‘tween deck bulkheads 
are omitted. This is due to the fact that no closing arrange- 
ments are necessary on the ‘tween deck hatches in the closed 
shelter deck condition and the holds and ‘tween decks 
(together with the adjacent holds and ‘tween decks if there 
are no ‘tween deck bulkheads) become one compartment. The 
‘tween deck bulkheads may have portable means of closing 
suitably adapted to the needs of both open shelter deck and 
closed shelter deck conditions. The collision bulkhead extends 
to the weather deck in both open shelter deck and closed 
shelter deck ships and the criterion for extending the remainder 
to the weather deck is the position of the load water line in 
relation to the second deck. It is the practice to extend the 
bulkheads above the second deck when the load water line is 
above that deck, and it is then necessary to reinforce the hold 
bulkheads for the increased head. In such cases the bulkhead 
stiffening is reinforced by fitting reverse bars for interim 
stiffeners and with the former method the plating is reinforced 
by fitting horizontal flat bars (snaped at their ends) on each 
strake of plating. 
(e) HATCHES 

When ships designed as open shelter deckers are converted 
to closed shelter deckers the resulting increase in draught may 
affect the hatches on the weather deck by making it necessary 
for all hatches, in addition to those forward of 0°25L to be of 
Table 43A scantlings. 


(f) DECKHOUSES 

As the scantlings of deckhouses given in Table 23 of the 
Rules are related to draught, it may be necessary to reinforce 
the first tier deckhouse stiffeners—especially those on the front 
of the midship house. 
(2) REQUIREMENTS FOR LENGTHENING 

In lengthening a ship it is the general practice to make the 
new section identical to the old and any additional reinforce- 
ment at deck and shell extends over both the old and new 
sections. The principal items affected are as follows :— 


(a) FRAMING 
Freeboard is increased with increase with length, provided 
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there is no increase in the length of superstructures. This 
means that the side frames, which are based on depth to 
uppermost continuous deck and on draught, are unaffected by 
lengthening of the ship. Open floors are similarly unaffected. 


(b) Decks 
Additional deck area will be required, the reinforcement 
being similar to that for deeper loading. 


(c) SHELI 


Shell plating is affected by lengthening but it is, of course, 
impracticable to increase this. Provided the deficiency in 
thickness does not exceed about 0°04 in. (1-0 mm.) but 
depending also on the actual thickness, bottom shell doublings 
are not required. 


(d) Borrom STIFFENING FORWARD 

Extent of bottom stiffening forward is affected by lengthen- 
ing, and it may be necessary to arrange additional solid floors 
when open and bracket floors are fitted in this area, and to 
extend the bottom girders forward further aft. 


(ce) EQUIPMENT 


The procedure where the equipment numeral has been 
increased by the lengthening to bring the equipment into a 
higher grade is to calculate the weight of the original anchor 
cable plus the bowers and that of the same items in the new 
rule equipment. The difference in weight between the two sets 
of items is made up by fitting additional lengths of cable of 
the original diameter. Where the lengthening is sufficient to 
cause an alteration of two grades in the equipment numeral, 
or where more than four lengths of cable may be necessary 
to make up the deficiency in weight, two new anchors may 
be called for, but where ships have two heavier bowers and a 
lighter spare anchor, it may only be necessary to replace the 
spare bower. 

(3) OTHER CONVERSIONS 

In all cases of jumbo-ising or deepening, care must be taken 
to scarph the old and new sections together, e.g. when a ship 
is deepened to bring the new deck in line with the poop. This 
may necessitate renewing existing poop deck plating to avoid 
discontinuities. 

In the case of extensive alterations in existing ships such as 
the conversion of tankers to bulk carriers, it is advisable to 
ascertain the condition of the strength deck before finally 
deciding on the amount of deck reinforcement which will be 
necessary. 

Where decks are removed, it is necessary to retain a portion 
of the original deck to act as a stringer and to support this by 
webs extending from the tank top to the next deck above the 
stringer. These webs are usually about four to five frame 
spaces apart. Similar strengthening must be arranged in way 
of transverse bulkheads and new pillars fitted of scantlings 
suitable for their increased length. Alternatively the frames 
and bulkhead stiffeners could be reinforced by reverse bars 
from tank top to deck without horizontal girders. 


Deck and Tank Top Loadings 


Requests are often received for permissible loadings on 
decks and tank tops and information on this subject is given 
in Plan Approval letter No. 54, some of which may be useful 
to surveyors on survey work. 


(1) TANK Tops 

Loading based on a head from the tank top to the load 
waterline with the following stowage rates depending on 
double bottom construction : — 

(a) Transverse framing with solid floors on every frame or 
longitudinal framing with plate longitudinals=25 cu. ft./ton, 
i.e. 0-80 cwt./sq. ft. per foot head, or 1 ton/sq. metre per 0°7 
metres head. 

(b) Transverse framing with solid and open floors or longi- 
tudinal framing with ordinary longitudinals=30 cu. ft./ton, 
i.e. 0°67 cwt./sq. ft. per foot head, or 1 ton/sq. metre per 0°58 
metres head. 


(2) "TWEEN DEcKs 

Loading of 50 cu. ft./ton associated with the height of the 
‘tween decks from beam to beam with camber on both decks. 
With camber on the deck over only, the height may be 
measured just outboard of the longitudinal hatch coaming, 
and with no sheer on the deck under, the height should be 
measured at the centre of each fore and aft girder span, the 
loading varying from span to span. 50 cu. ft./ton corresponds 
to 0°4 cwt./sq. ft. per foot of “tween deck height, or | 
ton/sq. metre per 1°4 metres of “tween deck height. 


(3) WEATHER DECKS 
In all cases the weather decks are suitable for 4 ft. head at 
50 cu. ft./ton, i.e. 1°6 cwt./sq. ft. or 0°87 tons/sq. metre. 


(4) GENERAL CONSIDERATIONS 

There are various other factors which may modify the fore- 
going, such as decks over deep tanks, decks suitable for 
hanging cargoes, light cargoes, and timber deck cargoes, tank 
tops in ships strengthened for heavy cargoes, etc., but it is not 
possible to go into these in view of the variations in structural 
arrangements which occur in practice. The information should, 
however, be sufficient for owners’ purposes in the great 
majority of cases. Where it is desired to exceed the given 
loadings, an investigation must be made using particulars from 
the actual ship. 

In all the above items the cargo is assumed to be uniformly 
distributed, and it is therefore not possible, for instance, to 
load the total permissible load in a given ‘tween deck on the 
hatch only. Such uneven distributions of cargo are invariably 
found to be the cause of set-down ‘tween decks. However, 
surveyors are usually only present after the event in these 
cases! 


Deck Houses 


Multi-tier deck houses are sometimes submitted in which 
little regard appears to have been paid to providing con- 
tinuity in the pillaring from top to bottom. Apart from ensur- 
ing that attention has been given to this point before forward- 
ing the plans, the surveyors could assist if they could persuade 
builders to indicate the positions of wood partitions so that 
any additional pillaring may be arranged to suit. 

Proposals are sometimes received to use steel bulkheads in 
lieu of girders as support to beams below the bulkhead. It 
should be borne in mind, however, that it is possible at some 
future date for these minor bulkheads to be removed without 
it being realised that they provide support for structure under. 


Rudders and Sternframes 
Surveyors should ensure that the service speed is indicated 
on plans before submission. 


In approving swivelling Kort nozzles the following addi- 
tional information is required : — 

(a) Maximum helm angle (assumed 30° in the absence of 
contrary information). 


(b) Shaft horse power. 


_The plan should show the length and outside and inside 
diameter of the nozzle and the location and length of the 
upper bearing; also sufficient information to enable the area 
and moment of area of the fin (if fitted) to be calculated. The 
scantlings of sternframes where the deadwood is cut away 
and the sole piece supported by struts have an influence on the 
diameter of the rudder stock below the upper bearing, and 
this portion of the rudder stock cannot be approved without 
particulars of the sternframe. 


Structural Details 


(a) STIFFENER BRACKETS 

It is surprising how, after all that has been written on 
the subject, stiffener brackets are still indicated stopping well 
short of adjacent floors or beams. It is not essential that these 
brackets be welded to an adjacent beam, but they should 
extend to within | in. of the beam, and over a floor in the 
case of a bulkhead stiffener bracket on a double bottom. It 
is better practice (and is probably cheaper) to increase the 
horizontal arm of the bracket rather than weld on flat bar 
extension. 

Where the side shell slopes inward an agle of about 45° or 
more to the horizontal, as in cruiser stern and aft peak bulk- 
heads, it is not necessary to bracket the lower ends of 
stiffeners. The welding of such brackets to the shell is very 
difficult and more trouble is likely to arise in service due to 
inadequate attachment, than to the small increase in deflection 
of the bulkhead at its boundary when the brackets are 
omitted. 

(b) TRIPPING BRACKETS 

Where girders are arranged on corrugated bulkheads, the 
fitting of tripping brackets presents problems. Tapered ends 
to these brackets with pad pieces and the brackets arranged 
close to the corners of corrugations are acceptable, but a 
better arrangement is to have a horizontal diaphragm behind 
the toe of the bracket, while the substitution of equal-angle 
pillars in line with the girder face and extending to deck or 
to bottom (not both) is an arrangement which has been 
adopted in many tankers. 


CONCLUSION 


When the Author commenced this paper, it seemed as if it 
would be rather short if confined to plan approval in general 
at home and abroad. A section was therefore included on 
some specific aspects of plan approval to save (so he hopes), 
himself and his colleagues on this kind of work from having 
to repeat the same type of information from year to year as 
new surveyors join the Society. If the paper has that effect in 
some small measure, but principally if it helps colleagues on 
outside survey work and shows the scope and variety of plan 
approval work, with the opportunities it affords of really 
learning the contents of the Rules, he will be well satisfied. 


APPENDIX I 


Summary of Official Notices giving changes in Rules since 
July, 1953 (as far as “ship construction” is concerned) to 
which reference should be made when deciding whether a 


sister ship may 


be built to plans approved some years 
previously. 


(The references refer to the Rules at the date of the Notice.) 


Notice 2018 


D 708 


Notice 2027 


D 1501 


T 18 


T 24 
Norice 2044 
D 1209 
D 2503 
D 3102 


D 3109 
D 3110 


D 4004 


Table 18 


Norice 2054 


D 31 


D 34 
D 69 
Notice 2064 


D 4004 


Notice 2081 


D 2325 


D 6008 


T 18 


Notice 2094 


D 1201 


Meeting 23rd 1953. Effective 23rd 
January, 1954. 
Stiffening of welded bottom shell in  trans- 


versely framed cargo ships. 


July, 


Meeting 18th March, 1954. Effective 18th 
September, 1954. 

Maximum spacing of girders at forecastle 
decks. 


Allowance made for area of deck longitudinals 
in longitudinally framed cargo ships instead 
of in deck thicknesses only. 

Increased forecastle and weather deck beams 
and longitudinals forward. Also girders. 
Meeting 9th December, 1954. All items here- 
under applied forthwith. 

Construction at deckhouse corners. 

No welding of bulwark to sheerstrake. 
Construction of welded hatchway corners. 
Sheerstrake kept free of notches, etc. 

P403 required for plating over 0°60 in. 
(15 mm.) (and at 0°85 in. (21-5 mm.) inside 
house and at bottom). Also gunwale angle may 
be required for ships over 350 ft. (91°5 m.) or 
alternatively special steel. 

P 403 in tankers for plating over 0°80 in. 
(20°5 mm.) thick—same requirements regard- 
ing gunwale as for cargo ships. 

“EF” factor calculation incorporated in Rules. 
Meeting 21st April, 1955. Effective 21st 
October, 1955. 

Wording re welded and riveted construction 
revised but contents same as before. 

Heavy cargo requirements. 

Ore carrier requirements. 

Meeting 2Ist July, 1955. This item applied 
forthwith. 

Riveted seam requirements with alternative 
XNT strakes in Tanker Rules. 
Meeting 14th 1956. 
December, 1956. 
Requirements for steel hatch covers. 
Requirements for position of longitudinal 
bulkheads and spacing of transverse bulkheads 
in ore carriers with tanker draught. 

Empty deep tank formula inserted in Rules. 
Meeting 14th March, 1957. Effective 14th 
September, 1957. 
Forecastle or increased 
ocean-going ships. 


June, Effective 14th 


sheer required for 
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D 1408 & 
D 1526 
D 1602 
T14& 
T 70 
Novice 2097 
D 1304 & 
D 4004 
T60& 
T6l 
P S01 
Norice 2110 


D 10 
D 1604 


D 3104 


Norice 2120 
Chap. B 
D 2612 
T 28 
T 46 


Norice 2129 


D518 


D 1909 


D 3407 


T6 


Wit: 


Norice 2139 


Chap. B 


Notice 2153 


D 4001 
etc. 


D 10 


Timber deck cargo deck support require- 
ments. Tables amended accordingly. 

Revised requirements regarding rule number 
of bulkheads. 

Small alterations in shell thickness for ships 
over 500 ft. (150 m.). 


Meeting 13th June, 1957. Effective 13th 
December, 1957. 

P 403 changed to P 5. 

Reduction in bottom and deck transverse 


numerals with certain forms of construction. 
New requirements superseding P 403. 

Meeting 9th January, 1958. Effective 9th July, 
1958. 

New Ice Classes. 

Omission of bulkheads without mention of 
notation. 

P5 limits altered to 0°80 in. (20:5 mm.) for 
deck (inside and outside houses) and bottom in 
cargo ships. 

Meeting 3rd July, 1958. Effective 3rd January, 
1959. 

Class notations amended. 

No tongue welds on rudders. 

New beam knee requirements. 

Increased rudder side plates. 

Meeting 29th January, 1959. Effective 29th 
July, 1959. 

Extended girders required in machinery space 
of longitudinally framed ships, and require- 
ments in machinery space for floors with this 
construction also specified. 

Special consideration to framing in deep tanks 
where ship spacing exceeds rule by more than 
3 in. (75 mm.). 

Additional side girder in aft holds in heavy 
cargo ships with machinery amidships. 
Special consideration for more than 4 in. 
(100 mm.) increase over rule spacing in trans- 
versely framed double bottoms. 

Special consideration for shell where spacing 
exceeds rule by more than 3 in. (75 mm.). 
Meeting 23rd April, 1959. Effective 
October, 1959. 

Clause regarding limits of Society’s responsi- 
bilities in cases of injudicious loading inserted 
in Rules. 

Meeting 7th January, 1960. Effective 7th July, 
1960 or earlier with Owners’ consent. 


23rd 


Complete revision of the Tanker Rules, except 
for sections 45, 47 and 48 and Tables 73, 74 
and 75 covering forward and after ends and 
superstructures. 

P5 steel for ice shell over 0°85 in. (21:5 mm.) 
thick not required. 


Norice 2166 Meeting 24th March and 16th June, 1960. 


Effective 16th December, 1960. 


D 2216 Use of aluminium alloy in machinery spaces. 
T25 & Increases for hanging cargo related to 8 ft. 6in. 
P27 (2:6 m.) *tween deck height. 
Chap.P Revised requirements for hull structural steel. 
Notice 2175 Meeting 13th October, 1960. Effective 13th 
April, 1961. 


Chap.B Committee not responsible for certain tech- 
nical characteristics not covered by Rules but 
willing to advise on these, also to act in respect 


of national and international requirements. 


Meeting 26th January, 1961. Effective 26th 
July, 1961. 


Norice 2182 


Table 52H _ Revised on basis of weld factor. 
D401S Cathodic Protection arrangements to be 
approved. 


Chap.D 70 Provisional requirements for the carriage of 
L.P.G. and natural gases at or near atmos- 
pheric pressure. 


Meetings 23rd March and 20th July, 1961. 
Effective 20th January, 1962. 


Notice 2186 


D 526 Limitations on position of margin plate in 
passenger ships. 
D 2325 —_ Steel pontoon hatch covers forward of 0°25L 


increased. 
D 3001/2 Coating of double bottom tanks amended. 
Notice No. 1, 1962 Meeting 25th January, 1962. Effective 
25th July, 1962. 
B110& Reduction in tanker scantlings with an 
D 4016 approved system of corrosion control. 
Norice No. 2, 1962 Meeting 22nd February, 1962. Effective 
22nd August, 1962. 
Passenger ship scantlings to be specially con- 
sidered in relation to design features. 


D 101 


D 2401 Weather deck fittings for mechanical ventila- 
tion to be submitted. 

D 3106 Modification to radiused* hatchway corners 
outside 0°60L amidships. 

D 3108 Scalloping of stiffeners and webs in way of 
butt welds revised. 

D 3303 Equipment numeral for cargo ships without 
sheer within 0°5L amidships as for tankers. 

T3 SQ steel cable diameters modified at lower 


diameters. 
Notice No. 4, 1962 Meeting 17th May, 1962. Effective 17th 
November, 1962. 
Class notations may be made covering special 
cargoes and special design features. 


1962 Meeting 14th June, 1962. Effective 14th 
December, 1962. 


Chap. B 


Notice No. 5, 


D 1627. W.T. doors in passenger ships to be specially 
considered and pressure tested. 

D 1917 ~~ Corrosion control scantling allowances in top- 
side or side ballast tanks of cargo ships. 

D 20 Horizontal girders in O.F. bunkers no longer 
a requirement, but if fitted, frame scantlings 
modified compared with existing practice. 

D 31 Hull steel requirements and recommendations 
in refrigerated ships. 

D 3402 Other than homogeneous loading to be 
approved. 

T 41 Notes amended to suit D 20 above. 

D 40,45, New regulations which permit long tanks in 

46&50 Tankers. 

D 4106 Standard amounts of fuel, fresh water, etc., 
for use in calculating still water bending 
moment instead of N.. 

D 6007. ~— Corrosion control allowances for ore carriers. 


APPENDIX II 


Information required for longitudinal strength investigation. 
1. Capacity Plan. 
2. Weight of lightship excluding machinery. 
3. Weight of machinery in machinery space. 
4. Weight of propeller and shafting. 


5. Draughts forward and aft. 


6. Displacement at loaded or ballast draught as applicable 
(and corresponding tons/in. if available). 
7. Block coefficient at a draught of 0°06L. 


8. Service speed. 


APPENDIX Iil 


Scantling Terminal Points in the Rules. 


Dry CarGo SHIPS 


1. 0°20L each side of midships for midship thickness of 
decks. (0°25L each side of amidships in bulk carriers with 
ore in alternate holds and ore carriers.) 

2. 0°25L forward of amidships for extent of bottom stiffening 
forward; measuring “h” for framing; forward limit of 
Type B hatch covers in open shelter deck ships. 


3. 0°20L from F.P. for extent of reduced frame spacing. 
4. 0O-15L from F.P. for extent of panting frames. 


5. 0:12L from F.P. for extent of forecastle deck beams cor- 
rected for K irrespective of draught (Table 24, note 7). 

6. 0:10L from F.P. and A.P. for extent of “end” thickness of 
deck. 

7. 0:075L from F.P. for extent of forecastle deck beams cor- 
rected by 1:2 K irrespective of draught (Table 24, note 7). 

8. 0:05L from F.P. and A.P. for extent of “end” thickness of 
shell and forward limiting position of F.P. bulkhead. 

Oit TANKERS a 

1. 0-20L forward and 0:25L aft of amidships for extent of 
midship deck and bottom thickness. 


0-25L forward and aft of amidships for extent of midship 
side shell thickness. 

3. 0-O5L from F.P. and A.P. for extent of “end” thickness of 
shell and decks. 


Steel Grade “D” Terminal Points in the Rules where plating 
thickness exceeds 0°80 in. (20°5 mm.) 


Dry Carco SHIPS 
0: 20L forward and aft of amidships. 

Ot TANKERS 

For topside and bottom and bilge and related items. 

1. (a) O-15L forward and aft of amidships at L=500 ft. 
(152°4 m.) and below. 

(b) 0°25L forward and 0°25L aft of amidships at L= 
700 ft. (213-4 m.) and above (extent for intermediate 
lengths of ship by interpolation). 

0-25L aft of amidships to be indicated in all cases where 

bottom shell forward of this point exceeds | in. (25°5 mm.) 

in thickness. 


5 


Steel Grade “E” (or riveted seams) Terminal Points in the 
Rules 
Dry CarGo SHIPS 


0°20L forward and aft of amidships for sheerstrake with 

welded gunwale—similar extent for gunwale angle but 

angle not to be stopped opposite a main hatch corner. 
Oi TANKERS 

0:20L forward of amidships to within poop for sheer- 

strake, stringer and deck strakes. 

0°25L aft to 0°20L forward for bottom strakes and bilge. 


— 
nN 


Ice Strengthening Terminal Points in the Rules 

CarGO SHIPS AND TANKERS 

Ice Crass I 

1. 2°5B aft of F.P. for extent of forward ice shell. 

2. 1°5B aft of F.P. for extent of close spacing of stringers if 
intermediate frames of reduced scantlings are fitted. 

Ice Crass I 

1. 1°0B aft of F.P. for extent of forward ice shell. 

a 


1°5B aft of F.P. for extent of close spacing of stringers if 
intermediate frames of reduced scantlings are fitted. 


3. 2°5B aft of F.P. for extent of intermediate frames. 


Ice Crass III 
1. 1°OB for extent of forward ice shell. 
2. 1°5B for extent of intermediate frames and of close spaced 


stringers if intermediate frames of reduced scantlings are 
fitted. 


5) 


The vertical extent of ice shell for all classes is ft. 
(610 mm.) below the light waterline to 2 ft. 6 in. (760 mm.) 
above the load waterline and it is essential that these water 
lines be indicated on the shell plan. 


Notre.—tThe Society’s ice class requirements are based on 
those of the Finnish Authorities. The latter have recently 
revised their structural requirements slightly and, although 
the Society’s classes I, I] and III as far as structural arrange- 
ments are concerned are accepted by the Finnish Authorities 
as being equivalent to their classes 1A, 1B and IC respectively, 
the Society is considering altering their requirements to bring 
them closer into line with Finnish requirements. 


ear 
res 
inal gerne te chime A thetis 
on 4 biel a Sb RAdd Hod ate. - 
aba serene Ming rte) 
: W.. 


r i ie 
aly a wey 


PRINTED BY LLoyD'’s REGISTER OF SHIPPING 
AT GARRETT House 
MANOR ROYAL, CRAWLEY, SUSSEX, ENGLAND 


' - " 
U = - 
er 7 a > , 
Ne - ‘ 
—y - — 
we ~ : 
_ ads ( 
on - 
-_ - 
> ' 
a 
' 
hs 
. 
a © mE R Her), @ aie 
aa) -Oemaea) | 
O::02°% sph aire) «wh ew 
. 
- 


io 


. 


: 
ee 
: 


gaa 
ae is 


- ewes Cape 
_ eo eee eee ee | 


For PRIVATE CIRCULATION AMONGST THE STAFF ONLY 


Lloyd’s Register 


Session 1962 - 63 


, . ‘ Pa No. 3 
Staff Association ees 


Discussion 
on 


Mr. O. M. Clemmetsen’s Paper 


NOTES ON SHIP PLAN APPROVAL 


LLOYD’S REGISTER OF SHIPPING 


71, Fenchurch Street, LONDON, E.C.3 


The Author of this paper retains the right of subsequent 
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of Lloyd’s Register of Shipping. Any opinions expressed 
and statements made in this paper and in the subsequent 


discussion are those of the individuals. 


Discussion on Mr. O. 


NOTES ON SHIP 


Mr. R. G. LOCKHART 


The Author has presented this paper as a guide to Surveyors 
who have a limited experience of plan approval, and for the 
benefit of the Surveyor who may be abroad on such duties, 
where experienced advice may not always be available. 

On page | he mentions administrative decisions to the 
Rules generally provided in the form of plan approval letters. 
He suggests these are confidential and only for the use of 
Surveyors. The wrath of shipbuilders and shipowners seems 
always to be easily fired when any suggestion is made of 
decisions which are not for common consumption. We must 
remember this is a classification society and not a secret 
society. If the Surveyor exercises discretion the builder can 
probably be acquainted with any decision as and when the 
occasion arises. 

On page 2 the Author mentions the approval of the mid- 
ship section, the date of approval is of relative importance, 
as the various Notices which are issued between the annual 
revision of the Rules are applied with reference to the date 
of approving the midship section. 

It will be seen in Appendix I that the date of application 
of such notices is generally six months after the date of the 
Committee Meeting at which they were passed, except for a 
few cases in which they are applied forthwith. 

This is of particular importance in the case of later sister 
ships, as mentioned by the Author on page 3. The scantlings 
may be affected by Notices which were not applied to the 
original ship. The date of endorsing the midship section for 
the new ship then being the relative date of applying any 
Notices not incorporated in the Rules as applied to the first 
ship. 

On page 4 mention is made of the use of rubber stamps. 
The application of this method of amendment is best not to 
be overdone as it tends to be mechanical and savours of 
governmental practice. 

Most Surveyors who have experience on plan approval 
would agree that sections and profiles can be dealt with more 
expeditiously when internal stiffening is deleted. However, in 
these days of prefabricated units a deck girder or a hatch 
coaming may be required as soon as the bottom shell. 

The method adopted in Hamburg for filing and recording 
is interesting and must commend itself to Surveyors in similar 
circumstances. 

On pages 6, 7 and 8 the position of the machinery space 
and the addition of ballast in relation to the still water bend- 
ing moment are dealt with. The results are illustrated in Figs. 
2(a) and 2(b). As this will be of particular interest to Sur- 
veyors not so fully conversant with the subject, it might be 
suggested that three profiles as in Fig. 3 showing the disposition 
of oil and ballast, the position of the machinery space and the 
additional ballast in No. 1 hold may have been simpler to 
understand. 

The illustrations of a bulk carrier with empty holds in Fig. 3 
show the magnitude of bending moment and shear force 
which can be incurred. Builders should be requested by the 
Surveyors in attendance at the yard to forward the still water 
bending moment and shear force diagram at the time of 
forwarding the section and profile. 


M. Clemmetsen’s Paper 


PLAN APPROVAL 


On page 10 the first paragraph beginning—‘The Society 
endeavours . ..” is a novel method of adapting the stress 
to the occasion. 

The Author later raises the question of ring welds. In 
prefabrication the straight butt is much to be preferred and 
X-rays made at staggered butts of units are evidence of this. 

It is true that more ships are built to-day at or near the 
maximum draught, it would appear at the present time, how- 
ever, that most owners are anxious to have increased draught 
even in older ships. The number of cases dealt with to-day 
must be as high as any in the history of the Society. 

As the Author states on page 11 with increased length the 
result is a reduction in the maximum draught. It should not, 
however, be forgotten that an open shelter decker can have 
increased length accompanied with an increase in draught, 
in which case the frames, etc., will be affected. 

The increased length of the panting region should not be 
overlooked with increased length. The frames in this extended 
region are usually particularly deficient. 

The information contained in Appendices I, If and III is 
of value to all Surveyors and the Author’s endeavour in 
collecting this data is to be commended. 


Mr. N. FLENSBURG (Gothenburg) 


There is no doubt that the Author has given us a very 
good description of the ship plan approval Surveyor’s respon- 
sibilities. His paper is most useful and will prove valuable to 
a new Surveyor engaged on this type of work, besides giving 
a good summary of the department’s activities to a Surveyor 
who has spent several years in Ship Plans. 

It may be interesting to describe a little of the plan 
approval work at Gothenburg where there seems to have 
been a gradual change in the character of work. Ships are 
becoming more and more specialised or “tailor made” and 
therefore discussions regarding new designs and consultant 
work take up much of our time. In most cases before we deal 
with a project or an actual order, the design is discussed at 
a meeting between the yard representatives and ourselves, and 
such discussions have been found to be most useful to us and, 
| hope, to the builders. At such meetings the outline design is 
discussed in general terms with the purpose of obtaining 
maximum efficiency, coupled with as good a steel distribution 
as possible, and the yards rarely object to any alterations at 
this stage. After such meetings we often have to consult Head 
Office regarding one point or another. In most cases the matter 
is urgent and we appreciate the prompt replies we invariably 
get to our queries. 

The telephone is much used and very often the yards phone 
to question amendments on the approved plans. I agree with 
the Author that the builders generally don’t ask with 
the intention of being awkward but only require an explana- 
tion and it is very important that, at the end of the conversa- 
tion, the builders feel convinced that the explanation given is 
correct. 

The amount of detailed plans is sometimes a nuisance, but 
I feel that the number cannot be cut down to any appreciable 
extent. There appears to be the general opinion in the Swedish 


yards that there should be little or no changes to weld dimen- 
sions, alterations to the detail design, etc., of the pre-fabricated 
sections, once they have been fitted into the hull. Such altera- 
tions would disturb the production flow and are thus very 
expensive. Therefore, detailed midship sections and a number 
of detail plans are submitted for approval, so that any amend- 
ments can be incorporated on the plans at the drawing office 
stage before the hull construction begins. 

At Gotaverken’s new Arendal yard it is intended to reduce 
the time for both the preparation of the plans and the con- 
struction of the ships. A time scheme showing the progress 
from design stage to delivery will be made up for each 
individual ship, and we have been informed that the builders 
will submit all the hull plans simultaneously with the request 
that they be approved within a period of three to four weeks. 

Generally speaking, it may be said that the time factor is 
becoming increasingly important, and it is therefore necessary 
to have sufficient staff to enable the urgent jobs to receive 
immediate attention, and, in addition, the technical standard 
of the staff must be at least equal to that of the yard tech- 
nical personnel. 

On page 10 the method for ascertaining the taper thickness 
is agreed to, but the prefabricated sections mentioned in the 
following paragraph in the paper are accepted by us on taper 
thickness, if they come only say 1-2 ft. within the midship 
terminal point. 

Regarding the staggering of the transverse butts on pre- 
fabricated sections we have been rather liberal in accepting 
the proposals made by the Swedish and Finnish builders, and, 
as far as I know, there have been few difficulties in “fit up”. 
In large bulk carriers, intended to be built at the new Arendal 
yard, we have accepted the complete ring weld, staggered only 
at the gunwale and bilge each side. 

Referring to page 11, it is our practice in Gothenburg to 
extend the bulkheads above the second deck when the load 
water line is above this deck, which agrees with Mr. Clemmet- 
sen’s statement. We have, however, in the last few years 
accepted a few closed shelter deckers with the watertight 
bulkheads extending to the second deck only, with the proviso 
that owners’ consent is obtained and gas smothering arrange- 
ments fitted. The head has then been taken to the second deck 
only, as is the practice for closed shelter deckers with the 
water line below the second deck. It could be discussed if it 
is correct to allow this relaxation and the Author’s comments 
would be appreciated. 


Mr. R. B. WILMSHURST 


May I congratulate the Author on a clear and practical 
paper which should be of much help, not only to new Sur- 
veyors but also to outport Surveyors who have not been 
educated in Ship Plans. 

On looking through the earlier pages, one or two sug- 
gestions occurred to me, for what they are worth. 

On page 1, the Author states “the checking Surveyor’s 
services are in great demand and it may not be possible to 
spend as much time with a newcomer as might seem desir- 
able”. 

There are usually in the department several newish Sur- 
veyors as well as some others who are on a short training 
spell from the Continent, and who will not be here for long. 
There are also nearly always several Surveyors of from five 
to ten years’ experience in plan approval, who are always able 
and willing to be of help, providing the younger Surveyors 
know whom to ask and are prepared to do so. 


lv 


A number of Surveyors move on from Headquarters to 
outports without having passed through the other depart- 
ments. It is suggested that it might enable them to obtain a 
broader picture of the work if one or two Senior Surveyors 
from the different departments could be persuaded to give a 
short informal talk, outlining the work carried out in their 
department and demonstrating the use of the chief forms and 
documents which they normally handle. 

The Author also states on page 1 :— 

“A good memory is an invaluable aid to this work, or fail- 
ing that, systematic compilation of data.” 

A number of Surveyors collect individual data concerning 
the work on which they have been occupied, but most of 
them will in due course move out from the department and 
will take with them their good memories and their data. It is 
suggested that if a permanent record be made and regularly 
maintained, recording the various features and unusual details 
approved from time to time, it would be of much help to 
future Surveyors. 

On page 4 it is stated: — 

“Due to differences in the system of steel ordering, it is 
customary to submit plans of midship section and profile and 
decks which are extremely detailed . . . The approval of 
these plans enables builders to order the great majority of 
steel at one time... . As it takes a considerable time to draw 
such detailed plans, by the time they reach the Society’s Office, 
their approval is urgently required . . . Now shipyards are 
short of work and steel is readily available they are eager to 
commence construction as soon as possible.” 

The majority of shipbuilders submit their plans in reason- 
able sequence and number, but there have been cases in 
which some builders have withheld the submission of the 
profile and deck plan until they have embodied every deck- 
house up to the wheelhouse, and the midship section until 
they have included the complete welding schedule. 

This is almost certain to defeat their object of commencing 
construction as soon as possible. 

The Rules (Tables 1-30) cover ships having lengths up to 
500 ft. and 650 ft., although larger ships are frequently deait 
with nowadays. 

It is the office practice to exterpolate some tables for longer 
ships and to use the largest scantling indicated in the case of 
other tables. 

It is suggested that if printed instructions were issued, 
stating which tables should be exterpolated, it would be a 
time-saver. 

May I again thank the Author for a very interesting paper. 


Mr. G. DE WILDE 


In the sections on “Some Specific Aspects of Plan 
Approval”, the Author gives what is present practice and, as 
such, his statements are of course unassailable. There are, 
however, one or two comments which I would like to make, 
they are limited to the section on longitudinal strength. 

In the second paragraph of that section, the Author states 
that: Longitudinal bending moments depend in size and 
magnitude on the relationship between the value of the mean 
L.C.B. and mean L.C.G. of the fore and aft bodies. It may 
have been better if the Author had stated here clearly that it 
is the amidships bending moment for homogeneously loaded 
ships he is talking about. 


Later on, of course, the Author shows that this type of 
calculation is of little value in cases of non-homogeneous 
loading. 

Further down on page 6, talking about mean L.C.B’s, the 
Author says that reducing the draught or the C,, increases 
the eccentricity, this is not the case, of course, when the ship 
is sagging. 

He is quite right in observing, a little further down, that in 
fine ships with large bilge radii the mean L.C.B. is higher 
than follows from the formula which is in use. We found the 
same thing, below C,, =0°70 actual values tended to be higher 
Plotting mean L.C.B’s on the prismatic coefficient C,, brought 
the values for fine ships more in line with the others, but even 
then a curve seemed to give a better mean line than the 
straight line given by the formula. 

It has also been found that the position of the L.C.B. of 
the ship as a whole, having the engine room aft, and whether 
the ship is twin screw or single screw, affects the mean L.C.B. 
value. The possible effect on the still water stress of (a) 
differences between the mean L.C.B. from the formula and 
that derived from actual cases and (b) differences in the mean 
L.C.B. due to having the machinery aft, is shown in Columns 
I and II respectively of the following table. 


LBP tons/in.* — tons/in.* 
400’ 0°41 1:07 
500’ 0°48 1-24 
600’ 0°51 1-34 


As the Author indicates on page 8, it is at the moment 
necessary to request the builders to prepare complete still 
water bending moment and shear force diagrams when the 
loading is of an unusual character. A quick tabular method 
to determine these curves is at the moment being developed 
and will be available for use in the near future. For Head 
Office use a computer programme would undoubtedly be of 
great value. 

I think the paper should have included some information 
about acceptable stresses and minimum required section 
moduli for bulk carriers. It may be difficult for the Author 
to quote any precise values in the, at present. rather fluid 
situation, but if he could give any guidance I am sure that his 
colleagues would find it valuable. For tankers the acceptable 
stresses can be found from the Tanker Rules, but it may have 
been useful if the Author had published the one or two little 
formule which give the acceptable still water stress used when 
loading conditions are being approved. 

I would like to congratulate the Author on a very informa- 
tive paper. 


Mr. S. ARCHER 


As most of you probably know, I myself am from ‘The 
Other Place” upstairs! [ came along to-night in the hope of 
picking up a few useful tips and in that respect, after listening 
to this excellent paper and the equally stimulating discussion, 
I have certainly not been disappointed. 

Despite the fact that the Society’s Rules to-day, in general, 
cover a much wider field than even, say, 15 years ago and 
the complexities of both ship and engine construction have 


multiplied greatly, those responsible for the approval of plans, 
on both sides of the house, enjoy one or two very real 
advantages over their predecessors. Thus, when faced with 
difficult decisions, they can to-day call on the powerful 
resources of the Technical Records Department (C.S.S.R. & 
C.E.S.R.) which command at short notice a veritable mine of 
information on the performance and service troubles of ships 
and their machinery, for which formerly in large measure 
reliance had to be placed on human memory, subject as it 
always is to error and inaccuracy. 


Undoubtedly, many problems encountered in plan approval 
must be common to both ship and engine departments. We 
are by no means rival establishments, but are working as 
members of a team towards the common goal of ensuring 
better and safer ships with a consistency of standards through- 
out the world, wherever a ship may be built. One of our 
problems on the engine side is the practice, sometimes fol- 
lowed by certain firms, particularly on the Continent, of 
apparently holding back the plans of important machinery 
parts until the latest possible moment when frequently the 
engines and shafting may be well on their way to completion. 
This inevitably causes difficulty in ensuring that Rule require- 
ments are implemented and sometimes, to avoid costly delays 
to owners, compromise solutions have to be sought in order 
to achieve reasonable equivalence, together with attached 
special conditions of approval such as more frequent surveys 
in the early life of the machinery, or reduced power, or 
worse! Do similar situations ever arise on the ship side when 
approving plans? 

I was particularly struck with the Author’s Appendix I 
which surely must have called for considerable and pains- 
taking research. It is such a good idea that I intend to put in 
hand a similar list for use in Engine Plans. 


Turning to a technical point in the paper, under “Midship 
Section and Profile and Decks” (page 10), the Author men- 
tions the information considered necessary for assessment of 
engine seatings. I would like to suggest that engine service 
r.p.m. should also be stated, since clearly power alone could 
be highly misleading. Thus, for example, the seating required 
for a 10,000 s.h.p. engine running at 2,000 r.p.m. would be 
very different from that appropriate to an engine of the same 
power, but running at 100 r.p.m. It would seem that, apart 
from deadweight, engine torque is a much more rational 
parameter than horsepower. Engine seatings are, of course, 
one of those few items in a ship which are of common con- 
cern to both sides of the house. True, from time to time 
consultation does take place between Ship and Engine Plans 
Departments when assessing the adequacy or otherwise of 
particular designs of seating, but the Rules provide little 
guidance at the present. With the increasing size and weight 
of large-bore diesel engines embodying crankshafts weighing 
upwards of 100 tons and 60 ft. or more in length, it becomes 
increasingly important to ensure that the resultant strength 
and stiffness provided by the “marriage” of seating and bed- 
plate in partnership are adequate to maintain reasonable 
alignment of crankshaft and straight shafting. As an example 
of what can happen if this important requirement is insuffi- 
ciently appreciated, I believe that many of the troubles with 
Doxford engine crankshafts and guide plate bolts may have 
been influenced by this simple fact. Since with the opposed- 
piston design of engine there are theoretically no combustion 
forces applied to the bedplate, the temptation has been to 
make the scantlings of such bedplates relatively weak and, 


in consequence, the resultant combined resistance of engine 
seating and bedplate to resist straining deflections in a seaway 
may well have been inadequate in some cases. This is one of 
the reasons why the Doxford designers were forced to embody 
extra resilience in their crankshafts to accommodate such 
deflections without overstressing them. Fortunately, in the 
latest designs increased strength and stifiness have been built 
into Doxford bedplates and this has enabled them to adopt 
a much stiffer crankshaft design so far as longitudinal bend- 
ing action is concern. We can only hope that these improve- 
ments will prove successful. 

The whole question of engine seating design is so important, 
in my opinion, and so relatively difficult to bring to rule, that 
I would enter a plea for a really concerted attack on the 
subject by both Ship and Engine Departments in collabora- 
tion. It would be interesting to have the Author’s views on 
this subject. 


Mr. A. T. S. SHEFFER (Liverpool) 


To the many Surveyors who have not had the opportunity 
of being through Lendon Office, there is perhaps an air of 
mystery about the machinations of the Plan Approval Depart- 
ment, and therefore, the Author’s paper is a very welcome 
addition to the Staff Association Transactions, as it will doubt- 
less help the outside Surveyor to a better understanding of 
the workings of the Plan Approval Office. There are, how- 
ever, One or two points on which I should like to comment 
and to have the views of the Author. 

On page 4 the Author refers to the approval of working 
plans. I was surprise to read this reference, as I understood 
that the submission of working drawings was expressly for- 
bidden. There have been circulars in the past to this effect. 
The examination of working drawings I have always under- 
stood to be the job of the Surveyor in attendance at the ship 
yard. In fact, in my experience, if a working plan was sent 
to Head Office it was usually returned without approval and 
accompanied by some caustic comment! Has Head Office 
now taken a different view and, if so, is this not a mistaken 
kindness? 

There are times when perhaps some amendment has to be 
made to the arrangements already approved, but when this is 
done and the Surveyor does not feel competent to give 
approval himself, then surely approval of a small fly plan 
should be sufficient to meet the needs of the Surveyor and the 
Ship Drawing Office. 

On page 10 the Author refers to the practice of arranging 
riveted seams at the junction of the side frame with tank side 
bracket, and states that this should be discouraged. I have 
personally seen the riveted seam arranged in various places 
between the tank top and the point just above the junction of 
the side frame with the tank side bracket and have never 
noticed any particular trouble. Could the Author please 
expand this statement and say whether in fact the Society’s 
experience has shown bad leakages at riveted seams in this 
location? 

Where frames pass through the horizontal tank top in No. | 
hold, great care should be taken with fitting the small brackets 
referred to by the Author, or it would be found that the 
cracks previously experienced at the tank top level are merely 
transferred, and become a much more serious matter in that 
the frames crack through at the toe of the bracket. Great 
care should be taken to avoid any notch effect on the junction 
at the toe of the bracket and the frame. 


On page 11 the Author refers to the conversion of Open 
Shelter Deck Ships to Closed Shelter Deck Ships and he states 
that the “criterion for extending the remainder of the bulk- 
head to the weather deck is the position of the load water line 
to the second deck. It is the practice to extend the bulkheads 
above the second deck when the load water line is above that 
deck”. Is the Author correct in stating this? Would it not be 
more correct to say that it is desirable that this be done with 
all bulkheads, but that the Society’s requirements are that the 
boundary bulkheads of the machinery space only must be 
extended to the weather deck, that is in addition to the col- 
lision bulkhead? 


Mr. A. J. KRAAYENBRINK (Groningen) 


The Author’s paper has been received with great interest 
and I do sincerely hope that it is the first of a complete 
series of notes, specially written to disclose the background 
to the Rules to the outdoor Surveyor. It can be of great help 
to an outdoor Surveyor, when discussing with the shipbuilders 
the amendments on approved plans and structural details, to 
have more inside information from Plans Department. 

The information given in this paper on conversions and 
alterations and permissible loadings on decks and tanktops 
are examples of things which, if readily available, save the 
Surveyors time and trouble. No doubt this can be extended to 
many other things which are not clear from the Rules. 

As regards the question raised on page 10 re ring welds or 
staggered butts, I am of the opinion that complete ring welds, 
though theoretically the best solution, often show an indent 
at the crossing of section welds. Staggering the section butts 
gives better appearance. 

With riveted seams and welded butts, the location of the 
butts of the different strakes in one line gives some complica- 
tion at the overlap, which in fact can be overcome by 
staggering them over one or two rivet spaces. In case of 
repairs it is often difficult to remove a plate without causing 
damage to the adjoining plates due to the mass of welding 
material at the overlap, but this damage is restricted to one 
spot in the case of butts in one line whereas in the case of 
staggered butts this damage is made on two spots. 

The only satisfactory solution is the all-welded ship. Every 
combination of riveting and welding should be discouraged 
as it invariably leads to violation of the rules of good work- 
manship. 


Mr. T. F. NAISBY (Hull) 


Under the heading of Structural Details, the Author out- 
lines methods which are still advocated for dealing with 
stiffener brackets. 

It will be seen that the arrangements described are riveted 
ship notions. They are quite unsuitable for welded work ; in 
fact, an object lesson in how not to design for welding. It is 
not sufficient merely to dispense with the connecting angle 
and weld direct. 

So long as this magic 1 in. formula is confined to hold 
bulkheads no harm is done. But whenever on and off water 
or oil pressure flexes the stiffener/ frame / longitudinal to which 
the bracket is attached or flexes the stiffener/frame/longi- 
tudinal close but not connected to the bracket toe, a fatigue 
condition will occur in the panel of plating around the toe. 
The simple and logical way to avoid this is to connect the 
toe to the adjacent member. Incidentally the connecting must 


be done by welding; a riveted lug is quite useless for the 
purpose. 

When designing welded structures, thin plating should be 
regarded as totally incapable of withstanding alternating or 
intermittent point loading in directions normal to the surface, 
even loads of very small magnitude, such as those in the 
tripping brackets mentioned at (b) in the paper. 

Placing the toe over a floor in the case of a bulkhead 
stiffener bracket landing on inner bottom plating is only 
satisfactory if the bracket happens not to be inside a deep 
tank. The design fault here is similar to that which causes 
fractures in the deck at welded bridge fronts where there is 
a welded centreline bulkhead under. 

Under the same heading the impression is given that reduc- 
tion of bulkhead deflections is the only use for end brackets. 
This may appear to be so when one is calculating scantlings, 
but in fact the primary function of end brackets is to dispose 
of the shear force in a satisfactory way. Failure to arrange 
for this is the cause of those fractures which occur around 
the end of the snipe and in the welding of the bulkhead 
boundary. 

Would it be possible for the Author to tell us the total 
number of individual fractures reported in shell, deck and 
bulkheads at the toes of brackets for all types of ships in, 
say, the last 15 years? 

In these days of consumer research, is there not a strong 
case for banning all structural arrangements known to cause 
fractures? 


Mr. R. P. HARRISON (Newcastle upon Tyne) 


This paper places on record in a competent manner, details 
of the routines adopted in plan approval centres. Colleagues 
unfamiliar with this branch of the Society’s activities will, 
without doubt, appreciate the considerable information it 
contains. 

Apart from the obvious value of such an introduction to 
the newly appointed Surveyor it will, in addition, serve as a 
significant reference for more established Surveyors engaged 
on plan approval, especially when they are transferred to 
offices abroad where practices can differ from those followed 
in London. 

it will be acknowledged that the last decade has seen the 
rapid development of new types of ships and an outstanding 
increase in the dimensions of others, such as tankers. A conse- 
quence of these changes has been the necessity to frequently 
amend Rules, issue numerous Plan Approval Letters and 
other instructions relative to the approval of plans. In these 
circumstances, it is understandable that surveyors not engaged 
in the day-to-day examination of hull drawings find it a 
difficult task to keep abreast of the latest practices in 
approvals. 

Where geographical and other circumstances permit, it 
therefore becomes essential that the closest liaison should 
exist between the approval centres and both shipyards and 
Surveyors, where the latter are supervising new construction 
or repairs involving major alterations. The advantage of such 
liaisons are manifold, in particular, the numerous minor 
questions normally arising in shipyards can be quickly settled, 
Surveyors can often avoid local agreement to doubtful or 
undesirable constructional details, and the approval centres 
may be spared from dealing with many unnecessary working 
drawings. 


Due to its position, the plan approval office in London 
would have great difficulty in maintaining such close contacts. 
However, this disadvantage can be more than offset by a close 
co-operation between Headquarters and the local approva! 
centres. In this connection, however, experience has shown 
that in several cases, the approval of initial hull plans in 
London is of less benefit to the local offices than ts at first 
apparent. Invariably alterations are introduced, following the 
approval of the midship section, etc., necessitating local 
reconsideration of affected items. Unless the basis of the 
original approval is readily available, much inconvenience and 
waste of effort can occur in dealing with these cases. Gener- 
ally a photostatic copy of the original scantling sheet and 
modulus of section calculation would obviate all difficulties. 
In the case of vessels of special type, perhaps involving un- 
usual proportions or arrangements, an indication of the 
standards adopted and the method of arriving at these 
standards, would be most helpful. Indeed it would save the 
time which is often spent in endeavouring to evaluate or 
analyse unusual requirements. 


The Author has indicated that it is usual for plans relating 
to ships of special type and proposals of a novel or excep- 
tional nature to be forwarded to London for consideration. 
The important details of these proposals as a rule exist 
in London and the particular outport concerned. Whilst 
it would be completely impractical to circulate particulars of 
all such proposals, it is thought, a case does exist for an 
occasional wider circulation to approval centres of the more 
unusual of these submissions. An equa! importance should 
be attached to approvals and rejections. It is felt that a 
distribution of this nature would make interesting reading 
at the same time keep local offices “in the picture”. 


A reference has been made to the need for a good memory 
or a systematic compilation of data when dealing with plan 
approval. The former may be an admirable characteristic in 
an individual but is unsuitable for continuity in a department 
where changes in staff can occur. It is probably now known, 
that in conjunction with the opening of the new plan approval 
office at Newcastle, a punched card system was instituted for 
the purpose of permanently recording information considered 
useful. Thanks were largely due to Mr. G. M. Boyd for his 
help in evolving a suitable form of card. The layout of the 
card adopted makes it possibie to effectively reference in a 
variety of ways, details of novel submissions and associated 
decisions, deviations from Rule, published data, and items 
affected such as structural members, loadline, tonnage, etc. 
This system has proved useful in the general working of the 
plans department at this port. It can be mentioned that it 
originated, in no small measure, from experience of the effi- 
cient record systems existing in certain shipyards. 


The section dealing with longitudinal bending moments 
reiterates many important principles and the effects of loading 
ore cargoes in alternate holds of bulk carriers is clearly illus- 
trated. A recent paper on the “Design of Bulk Carriers” by 
Mr. H. J. Adams indicates the effect of loading alternate 
holds in some instances is to produce a maximum bending 
moment even further forward of amidships than shown by 
the Author. In the discussion on this work, reference was 
made to the possible consideration, in certain cases, of extend- 
ing midship scantlings beyond the forward 0.25L. The circum- 
stances of a maximum bending moment occurring away from 
amidships could possibly arise in tankers where similar load- 
ing for ballasting in alternate tanks obtains. The Author’s 


comments on this feature would be appreciated especially in 
relation to long tanks now encountered in modern designs. 

In conclusion, it is considered that the Association is indeed 
fortunate in being the recipient of a paper which should serve 
to benefit many colleagues, and in this respect the Author 
deserves our sincere thanks. 


Mr. G. ALMOND (Newcastle upon Tyne) 


This is not the first paper presented to the Staff Association 
by a specialist in the field of Plan Approval, but for sheer 
breadth of subject this must surely take pride of place. I must 
confess that on hearing of Mr. Clemmetsen’s intention of 
presenting this paper my imagination was exercised as to the 
form it would take. As it has turned out, it is just such as 
one would expect from a colleague of the Author’s ability— 
a happy blend of lucid and concise background information 
not readily available to a large proportion of the Staff 
together with an interesting résumé of the more important 
details. The Appendices will also prove useful to those of our 
colleagues who are not dealing with such items with any 
frequency. 

There are few conclusions in the paper with which one can 
argue but there are one or two points which I would like to 
emphasise. 

All other things being equal, I think it true to say that a 
Plan Approval Department is only as good as its records, 
and the availability of the data contained therein, allow it to 
be. The “good memory” mentioned by the Author, whilst 
remaining a Surveyor’s best friend, is of no use to the Depart- 
ment once the individual possessing it has been transferred. 
There is no substitute for the systematic compilation of data 
and in this connection the Punched Card System, which was 
evolved at the time of the opening of the Approval Depart- 
ment in Newcastle, has proved invaluable. The latent possi- 
bility of this system as a standardized method of exchanging 
information between such offices is immense and I personally 
would like to see its use extended. As a means of making 
what the Author refers to as the Society’s “case law” quickly 
available, and in particular any details specially approved for 
or in use by particular yards readily apparent, it is without 
equal. In addition the danger of this information being “lost” 
in the system is minimised. 

One advantage of working in an “outport” plans approval 
department is the tremendous fund of local knowledge avail- 
able from the Surveyors attending the yards for which the 
plans are being approved. The liaison between “inside” and 
“outside” staff saves much time particularly when detail work 
is under consideration. 

A breath of “sea air’, even if at second hand, is a welcome 
thing to a desk-bound Surveyor. At the same time we like to 
believe that the ready availability of experienced plans staff 
does encourage Surveyors to take a closer interest in things 
theoretical in that their queries can be discussed informally 
and on their home ground. It is true, as the Author states, 
that the Surveyor who has not had the opportunity to pass 
through a Plan Approval Department has to some degree 
missed a rewarding experience, but it is also true that the 
Specialist by his very isolation is also missing an experience 
of another kind. It is essential to remember, for the good of 
the Society at large, that the work of all Surveyors is com- 
plementary and each must contribute in his own way to the 
common good. 


The remark regarding the difficulties attendant on the 
large-scale use of prefabrication is timely. As construction 
techniques develop it is becoming more obvious that the 
design departments in the yards concerned must pay very 
close attention to detail. It is appreciated that collars, tripping 
brackets, easing brackets, rounded contours at the toes of 
end brackets of large members, web stiffening and gussets 
can be disproportionately expensive items when viewed against 
the mass of processed material, but it is no economy, particu- 
larly to the shipowner, to miss them out. Sound basic design, 
especially with welded construction, is of prime importance 
and it is essential that Surveyors must bear this in mind when 
examining units prior to assembly. Rectification of omission 
at a later date places some strain on the relationship between 
the Society and the yards. 

The system of filing calculations and outgoing letters 
described by the Author is the same as that adopted by the 
Newcastle Plan Department and it is thought to give the best 
results. One small refinement, first introduced in the Gothen- 
burg Office, is the use of squared paper for calculations 
instead of ruled foolscap. It is convenient both for casting up 
columns of figures and the drawing of scale diagrams. The 
record of previous ships built classified by yard, dimensions, 
type, etc., is indispensable. 

As a visual statement of current work, the graph repro- 
duced in the paper is very interesting. It is certainly more 
refined than measuring the length of shelf occupied by the 
cases remaining at the end of each week but is it any more 
reassuring to the staff of a small department who would like 
the opportunity to plan their holidays just once? 


Mr. E. TEE (Gdansk) 


With reference to the Author’s most useful paper, I would 
like to put forward the following items for discussion: — 

1. Page 2 regarding the submission to the Committee I 
consider that it is advisable that the equipment should always 
be mentioned, i.e. it should read “. . . provided the scantlings, 
equipment and arrangements . . . 100A1 

2. Page 12—Rudders and sternframes. Perhaps the Author 
will elaborate on what is meant by “service speed”. The writer 
has always taken the view that this should be the estimated 
speed (with clean bottom) at summer load draught and at the 
maximum continuous output of the machinery. Some builders 
quote the speed for motor ships at 85 per cent of the maxi- 
mum continuous output and the Author’s views in this matter 
will be appreciated for the sake of obtaining uniformity. 


Mr. C. A. PHILIPPOU (Pireus) 


The Author’s paper gives a very good idea of how plan 
approving is being carried out, specially in London and Ham- 
burg. I myself have an idea how the London and Glasgow 
Plan Approving Offices were working back in 1960 and on 
this basis I would like to make some remarks, together with 
what little my experience of work in Pirwus has taught me. 

I think that a lot of times, when either re-checking or 
alterations to the original approved plans are made, unneces- 
sary duplication of work is being done, as no information is 
left on the office copies by the examining Surveyor of how 
his calculations have been carried out. : 

It is suggested, therefore, that all important calculations, 
numeral numbers, etc., should be written on both the 
Approving Office and Local Surveyor’s copies for further 


reference when necessary. This would require a little more 
work by the person copying the plans but it is thought to be 
worth while. Further, the practice of giving minimum scant- 
lings should be made a rule as scantlings suggested on amend- 
ments might not correspond to material available in the 
surveying port. When the above information is supplied, then 
local Surveyors can easily adjust the approved scantlings to 
the local requirements. In Pireus, for example, material, 
unless specially ordered long in advance, is not available but 
in certain sizes only; plates are of even thicknesses 6, 8, 10 
mm., etc., bulb angles and sections are difficult to find to the 
desired size and bulb plates are not available. Therefore, to 
avoid overscantling the ship unnecessarily the above informa- 
tion is useful, if the Surveyor is not to repeat certain calcula- 
tions again from the beginning. 

Sometimes plans are approved on which the arrangements, 
as shown by the builders, are completely impracticable, as, 
for example, very low double bottom tanks in small ships. 
When it comes to building the vessel and the local Surveyor 
suggests that the arrangements will lead to a bad construction, 
the yard might refuse to agree with him on the grounds that 
the plan has been approved as such and a very unpleasant 
situation arises then for the Surveyor. 

Ships trading within limits should be carefully examined, 
taking into account local conditions. It is the feeling of 
builders in this port that vessels trading within Greek waters 
are too heavily scantled, specially when compared with British 
Cross Channel ships. 

In conclusion, local approving, where possible, should be 
encouraged, as only the local Surveyor has a full knowledge 
of the requirements of his district. If, however, this is done a 
small library should be set up in these offices, so that not 
only the Society’s literature, circulars, plan letters, etc., are 
available, but also other useful publications as well, as copies 
of the International Conventions, British Standard Specifica- 
tions, ete. 


AUTHOR’S REPLY 


The Author would like to thank all those who have taken 
part in the discussion. Before replying to the various points 
which have been raised, attention is drawn to the following 
errata which have been found since publication : — 

(a) Page 9. In the bottom diagram the amount in No. 5 
hold has been omitted and should be 25 per cent. 

(b) Page 11, paragraph (d) Bulkheads. In the last sentence 
the word “interim” should be “intermediate”. 

(c) Page 12 (1) Tank Tops. Paragraph (b). “1 tons/sq. metre 
per 0°58 metres head” should be “1 tons/sq. metre per 0-85 
metres head”. 

(d) Appendix IIT, page 15. Steel Grade “DD” Terminal Points 
in the Rules where plating thickness exceeds 0°80 in. (20°5 
mm.). 

Paragraph 1 (b). This paragraph should read “0°20L for- 
ward of amidships (topside and bottom) ; 0°20L aft (topside) 
and 0°25L aft (bottom) of amidships at L=700 ft. (213°4 m.) 
and above (extent for intermediate lengths of ship by inter- 
polation)”. 


To Mr. LocKHART 


I agree that administrative decisions should be circulated 
to interested persons whenever possible, but consider this is 
a question best left to the discretion of the plan approval 
Surveyor who can more easily decide whether a particular 


letter will be of use to an individual builder. Plan approval 
letters are now sent to all building ports and a summary of 
the contents of the previous plan approval letters has also 
been sent out. 

Regarding the use of rubber stamps, I hasten to add that 
although we had a great variety of these in the Hamburg 
Office very few were used on any particular plan. They 
certainly saved time in duplicating. 

Diagrams 2 (a) and 2 (b) could have been more “ship like” 
but a geometric distribution was used for ease in calculating 
the results shown in figure 2 (a) and to give a “fair” curve. 

The practice of using an assumed but probable condition 
for longitudinal strength calculations is an attempt to treat 
each ship on its merits and is preferred to the use of a 
standard condition which might not occur for reasons not 
connected with longitudinal strength, e.g. stability. 

In cases of increased length attention must, as stated by 
Mr. Lockhart, be given to the increased length of the panting 
region but as increases in length are usually of the order of 
30 to 40 ft. only two frames are likely to be affected in this 
region. 


To Mr. FLENSBURG 


| have found Mr. Flensburg’s account of Gothenburg Plan 
Approval practice most interesting, but I may say that I do 
not envy him his task with the new Arendal yard. As it would 
appear that all the plans will not be completed simultaneously 
in the shipyard, it might be found prudent to make a pre- 
liminary examination of them at the shipyard before they are 
submitted. 

There may be some misunderstanding regarding the sub- 
mission of detailed plans as my interpretation of the term 
would be plans of, say, each separate double bottom section, 
and not the ordinary classification plans on which may be 
shown sufficient details to enable the latter type of plan to 
be prepared. My personal opinion is that if the classification 
plans are sufficiently detailed, then it is of course not neces- 
sary to submit working plans for approval. 

As regards the vertical extent of watertight bulkheads, the 
practice has always been to encourage the owners to extend 
the bulkheads to at least the deck above the load waterline, 
but if for the purpose of the particular trade this is not 
desired, they could be stopped short. 

From the fire risk aspect, provided a steel machinery casing 
(with steel doors, etc.) in the ‘tween decks effectively isolates 
the machinery space from the cargo space, the machinery 
space bulkheads need not be extended to the uppermost con- 
tinuous deck. With the remainder it would appear to be more 
important to extent upwards the bulkheads nearer the ends 
as, in the event of a collision, they would be subject to the 
trimming effect of flooding the end holds. As stated in the 
paper, the sub-division aspect is not one which concerns the 
Society, but I understand that I.M.C.O. are at present look- 
ing into the question of sub-division of cargo ships, and it 
may well be that in future freeboard is based on sub-division 
as well as the geometric properties of the ship. 


To Mr. WILMSHURST 

I have noted the remarks regarding the training of Sur- 
veyors and agree that experienced Surveyors are always 
willing to help the newer Surveyor, but they themselves have 
jobs to do which may be of an urgent nature. With regard 
to arranging lectures, since this paper was written a number 
of lectures have been arranged for the clerical staff on 


different aspects of classification, and the technical staff have 
always been welcome to attend these. However, further such 
talks by experienced surveyors aimed principally at the tech- 
nical staff (including “ship” to “engine” and vice versa) might 
serve a useful purpose. 

The keeping of records requires the services of someone 
who appreciates their importance and is also able to decide 
what is and what is not worth keeping. Unfortunately, such 
a man is better occupied on more productive work though 
reference to Mr. Harrison’s contribution will show what can 
be done in this matter. 

With regard to extrapolation of the present Rules to cover 
ships larger than 650 ft., it would appear preferable to await 
the issue of new Rules. 


To Mr. DE WILDE 


I agree that it should be emphasized that most of the section 
Mr. de Wilde refers to is concerned with the midship bending 
moment for a homogeneously loaded ship, also that the 
statement “for a given L.C.G. of ship and cargo, reducing 
either the draught or the C, increases eccentricity” applies 
only when the ship is hogging. It will be found, however, that 
homogeneously loaded cargo ships with machinery at or near 
amidships hog in still water. 

The remarks regarding the variations in the mean L.C.B. 
found when making investigations for the new Rules are 
most interesting and I look forward to their practical applica- 
tion in due course. 

I note the suggestion that some information regarding 
acceptable stresses might have been included, but I did not 
wish to go into details in a paper of this nature. It might, 
however, be mentioned for the benefit of those not engaged 
in plan approval, that the allowable still water stress at the 
keel in tankers of over 300 ft. and having the minimum 
modulus permitted by the Rules is obtained by the formula 


i 
PRE Tagen (L in feet). As regards cargo ships, 


the allowable still water stress in the deck is given in Mr. G. 
Buchanan’s paper “Longitudinal Stresses in Cargo Ships”. 
except that less emphasis is now given to the speed factor 
than when the paper was written. In connection with this 
latter paper, it should also be emphasized that the stresses 
quoted are in association with a load line modulus+7 per cent 
at a standard draught of 0.06L. Variation therefrom in any 
particular ship resulting in reduced wave stresses as compared 
with the standard ship are allowed for in a similar manner 
to that used in the tanker rules (see also J. M. Murray’s 
paper “Longitudinal Strength of Tankers”). 


To Mr. ARCHER 


I do not think I have ever had the experience that plans 
were submitted too late for alterations to be made to the 
arrangements due to the work already being in progress, 
except in the case of minor items of equipment where ignor- 
ance of procedure on the part of the supplier has been the 
cause, or where the class of a ship had changed during con- 
struction. Where a ship is to be built which will be a sister 
to one built to another Society’s class the builders often claim 
that the material shown on the plans has already been ordered 
from the steel works, but these orders can often be changed 
and it is usually possible to attain the Society’s essential 
standards. 


With regard to the approval of engine seatings, I had 
thought to mention engine r.p.m. but assumed it could be 
deduced from the engine make or type. The revolutions must 
make considerable differences to the forces acting on the 
seating, but the influence of these on scantlings is one which 
has so far been found difficult to take into account, except 
in the broadest way. Enquiries I have made from various 
builders from time to time have elicited only that the scant- 
lings of their engine seats are based on a previous similar 
ship. The remarks on Doxford engines are very interesting 
and if it is practicable to divide engines into a series of types, 
and drawings of these are prepared showing the direction of 
the various out of balance forces and couples, then this might 
serve as a better guide to scantlings and arrangements than 
present practice. 


To Mr. SHEFFER 

As regards working drawings it is certainly much more 
desirable for the Surveyor attending the shipyard to examine 
these rather than submit them for approval by the Plans 
Department since, apart from generating a spirit of consulta- 
tion and mutual understanding with the Drawing Office, it 
familiarises him with the layout and constructional features 
of the ship at an early stage and may show likely causes of 
difficulty during construction. The submisssion of working 
plans was not allowed when Mr. Sheffer was Principal Ship 
Surveyor for Germany and, so far as I know, this is still the 
case in Hamburg. At that time it would have been impossible 
to cope with the extra work that examination of these plans 
would have entailed. However, the practice seems to vary 
from port to port and from country to country. Generally 
speaking working plans should not be submitted but it may 
well be desirable to submit some plans if the Surveyor con- 
cerned has not the necessary “ship” experience or is not 
stationed in a place where it is easy to consult more know- 
ledgeable colleagues. 

On re-considering the paragraph relating to undesirable 
location of riveted seams in relation to tank side brackets, it 
appears that I have not clarified the matter sufficiently. The 
first sentence of this paragraph refers to a construction where 
a bulb plate frame has its web scalloped back and the pointed 
end overlapped and welded to the tank side bracket. If this 
frame forms part of a side shell unit the lower edge of which 
is riveted to the bilge, then the scallop in the frame frequently 
extends well up the side shell to avoid seam rivets. Apart from 
having the scallop at the toe of the bracket, which is itself 
undesirable, the seam rivets, which form part of the frame 
girder, are at the highest stressed point in the frame. In these 
circumstances it is better to lower the position of the riveted 
seam and to scallop the bracket instead of the frame. The 
second sentence of the paragraph referred to is concerned 
with a horizontal tank top where the seam is at the lower end 
of the bracket and the frame (which is riveted to the shell) 
has a small “set” at its lower end to accommodate the bilge 
radius. There have been cases where it was difficult to close 
up the frame rivets at the end of the frame due to the diffi- 
culty in setting the frame at its extreme end. In such circum- 
stances the frame connection can work loose throwing addi- 
tional loads on the seam at this point. 

It cannot be claimed that non-adherence to the foregoing 
will result in trouble, but they seem to be undesirable design 
details. 

I refer Mr. Sheffer to the reply to Mr. Flensberg on the 
bulkhead question. 


To Mr. KRAAYENBRINK 

It is not practicable to include in the Rules every alternative 
method of construction. In addition vague wording is some- 
times adopted in the Rules for the express purpose of giving 
freedom in design. To overcome these difficulties the practice 
has arisen of sending out Plan Approval Letters and as their 
circulation has been greatly increased in recent months the 
Surveyors should be better informed than in the past. There 
is, however, no substitute for experience in the Plan Approval 
Department! 

It is interesting that attention is drawn to the sometimes 
unsatisfactory appearance of ring butt welds as, in the 
Groningen district where Mr. Kraayenbrink is stationed, 
builders of coasters are predominant and the thinner plating 
in these ships is no doubt more subject to this phenomenon. 
The consensus of opinion from the weld aspect seems to be 
definitely on the side of the ring weld. It is not known whether 
the builders referred to vee shell butts from the outside but, 
if this is the case, the indented effect might possibly be over- 
come by veeing the butts from the inside. While this might 
cause an indent from the inside, the effect of this is likely to 
be off-set by the indent caused by the frame welding each 
side of the butt. 


To Mr. NAIsBy 


The remarks regarding stiffener end brackets and the sug- 
gestion in the last paragraph have been noted, but it will be 
appreciated that in these, as in other items, there are adequate 
designs and superior designs. The Society’s policy is generally 
to encourage the latter, e.g. welding the bracket toe to an 
adjacent member, without rejecting the former. It is possible 
that in small ships having light plating the 1 in. gap referred 
to could give trouble in the locations mentioned, but there is 
no record of fatigue cracks in the use of such a connection at, 
for example, the head of side frames in association with longi- 
tudinally framed decks of tankers. It may well be beyond the 
capabilities of a small yard to provide the necessary degree of 
accuracy associated with welding the toe of a bracket to the 
web of adjacent beams or longitudinals and, as Mr. Naisby 
says, it would be useless to provide a riveted lug for this 
purpose. 

The overlapping of deep tank bulkhead stiffener brackets 
over adjacent floors at the tank top seems the only practical 
solution in a transversely framed ship and I am not aware of 
any alternative except that of having the brackets and 
stiffeners on the outside of the tank which may not always be 
convenient. Of course, the floor under the bracket must (if 
welded) be continuously welded to the tank top. The above 
type of construction is recommended in D 1614 and D 1901 
of the Rules. 

As regards the welding of tripping brackets to corrugated 
bulkhead plating, both of the methods mentioned in the paper 
are in common use and while the pad pieces have, on 
occasion, not prevented cracks I have not met a case where 
the horizontal diaphragms were unsuccessful. This may, of 
course, be because there are not so many ships so arranged, 
since the fitting of these diaphragms requires care in aligning 
with the bracket on the other side of the bulkhead and they 
interfere with drainage and tank cleaning. 

Steeply sloping parts of the shell in way of bulkheads are 
usually associated with small corner panels of bulkheads 
below decks and stringers where deflections are likely to be 
small, and the fitting or omission of stiffener brackets in these 


regions would appear to involve the choosing of the lesser of 
two evils. Since the stiffeners can be increased in scantlings 
for the omission of the end brackets, the Author would prefer 
the simpler form of construction without brackets. Since 
Table 9 of the Rules (w.t. floor stiffeners) expressly allows 
stiffeners up to 6 ft. long without end brackets and corrugated 
bulkheads have only the sloping sections of the corrugations 
to resist shear forces, it would appear that the shear forces 
mentioned by Mr. Naisby can be met by the plating connec- 
tion only. 

I am afraid it is not possible with any degree of accuracy 
to comply with the request in the penultimate paragraph, since 
numbers of fractures are not reported by the Surveyors in all 
cases. Further, it is a matter of opinion in many of these 
instances whether the fracture in question was due to the 
bracket arrangement or some other factor. 


To Mr. Harrison 


The difficulties which may arise at local Plan Approval 
Offices when trying to interpret the reasons for departures 
from the Rules in plans approved by the London Office are 
understood, and I agree that a copy of the section modulus 
calculation and scantlings sheet would be a help in many of 
these cases. It should be borne in mind, however, that the 
standard scantling sheet is very often not used when a case 
requires special consideration. The need for special considera- 
in London will no doubt diminish as the revision of the Rules 
proceeds and they become more flexible, or when special 
Rules are made for special types of ships, e.g. bulk carriers. 
In the case of tankers it would now appear only necessary 
to forward midship section plans to London at the latter's 
request, e.g. when it is desired to deal with several submissions 
for the same ship in a consistent manner, and here it may 
well be helpful to state whether any major departures from 
normal practice have been made and to supply the Rule 
bottom and topside areas when returning the plans. 

The question of circulating information on detail approvals 
is, I feel, bound up with that of keeping records and, in this 
connection, I refer to my reply to Mr. R. B. Wilmshurst. The 
Newcastle Plans Department appears to bear comparison with 
any other in the keeping of records as regards easy access to 
information. Many ports regularly record interesting approvals 
in a “deviations” book which is perhaps not so quick a means 
of reference as a punched card system. 

The effect on longitudinal bending moment of empty tanks 
in tankers is not so serious as that of empty cargo spaces in 
bulk carriers since the tankers do not have the problems of a 
high density cargo occupying a small space, such as exists 
when ore is carried only in certain holds. 

Since the specific gravity of cargoes carried in tankers 
seldom exceeds that of sea water and empty spaces extending 
right across the ship are not often encountered, abrupt differ- 
ences between load and buoyancy curves (which can lead to 
large shear forces) do not occur. In the only case I have met 
of this nature complete still water B.M. curves were requested 
and these showed a hogging B.M. aft of amidships, zero B.M. 
at amidships and a sagging B.M. forward of amidships; N, 
was very small. The shear stress at the discontinuity in the load- 
ing caused by an empty tank across the ship was 2 tons/in.’, 
but the values of the still water B.M. forward and aft were 
small. Such an arrangement, although acceptable, is better 
avoided and to do so the empty compartments should be 
staggered. 


To Mr. ALMOND 


There is little I would like to add to Mr. Almond’s contribu- 
tion, except to say that I am broadly in agreement with his 
comments, especially those on the advantages of liaison 
between the plan approval office and the local Surveyors, 
which should be a two-way traffic bringing benefit to all 
parties. 


To Mr. TEE 


In Plan Approval Letter No. 7, which refers to the word- 
ing to be adopted when equipment is added or amended, it is 
stated that special reference should be made to the equipment 
when approving the midship section, but it appears that this 
has fallen into disuse and the word “arrangements” is now 
considered to include the equipment. 

As regards the service speed to be indicated on plans of 
rudders and sternframes, I consider this should be the speci- 
fied contract speed at summer load draught and this would 
not normally be at the maximum continuous output of the 
machinery. I do not consider that the maximum speed actually 
anticipated on trials should be used, although I would asssume 
that this would not exceed the contract speed by more than 
10 per cent. 


To Mr. PHILIPPOU 


The difficulties arising when limited thicknesses and rolled 
sections are available are appreciated and if these are pointed 
out to Head Office when plans are submitted for approval 
then this will be taken into account in approving the plans, 
and then it would probably not be found necessary to have 


details of the calculations, which in any case are usually 
made either on scantling sheets or in calculation books. To 
comply with the request that the calculations be indicated on 
the plans would mean a considerable amount of additional 
work (most of which might never be referred to), since the 
copies of the plans sent to the Surveyor are not those on 
which the approval work has been done. Minimum scantlings 
are now indicated wherever practicable, which should assist 
in the foregoing circumstances. 

As regards design features which are in the Surveyor’s 
opinion impracticable due to various considerations, it is 
advisable to inform Head Office accordingly when forwarding 
the plans for approval when the features concerned will either 
be rejected or the Surveyor given a reason why they are 
acceptable. 

While the Society usually has general information relating 
to conditions in local waters, the information on this subject 
forwarded by the Surveyors in cases where specially light 
scantlings are desired are invaluable, especially when there are 
regular and appreciable changes in the kind of weather 
encountered at various seasons in the year. Such information 
could well be supplied by many Surveyors at ports abroad. 

Whether or not a local plan approval office is established 
at a port, the principal offices in each country should ensure 
that they are in possession of as much of the standard data 
mentioned by Mr. Philippou as they require for reference 
purposes, and I am sure requests for such information to 
Head Office would receive favourable consideration. Similarly, 
local Surveyors should advise Head Office of national regula- 
tions which may affect classification. 
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SHIPS’ CARGO-HANDLING GEAR 


By L. BECKWITH 


Consideration is at present being given to codifying the 
Society's practices mentioned in this paper and comparisons 
with various national and interational standards may neces- 
sitate alterations to some of the requirements given herein. 


For many years the Society has, at the special request of 
owners or builders, examined plans of ships’ cargo-handling 
gear, witnessed the tests and countersigned the certificates. 
During recent years, however, there appears to have been 
considerable tightening of the regulations in various countries 
and the volume of work of this nature carried out by the 
Society has increased very considerably. 

It must be emphasised, however, that any survey on cargo 
gear is completely independent of classification, and conse- 
quently, the inspection of cargo gear and the issue of certifi- 
cates should only be carried out if specially requested. 

There are various national rules and standards covering 
cargo gear, but these are mostly written in a general fashion 
and leave many points of detail uncovered. 

Naturally, over the years on which we have been engaged 
in this work a practice has been developed for dealing with 
all these items, and it is the purpose of this paper to explain 
these to those Surveyors who have not had much experience 
with this work but who may suddenly be called upon to do 
a cargo gear survey. 

In the paper the development of ships’ cargo gear is traced, 
the various regulations and methods of calculation are 
discussed and information is given about various items which 
may be found useful. In addition, some of the problems which 
may be encountered when carrying out periodical inspections 
are considered. In this respect, it is hoped that the ensuing 
discussion will bring out many points regarding the damage 
to and the repairing of cargo gear items. It would also be of 
great interest if particulars of unusual types of rig, derrick, 
etc., could be given by those who have come across them. 


DEVELOPMENT 


Ships have sailed the seas since early times, their main 
object, apart from conquest, being to carry merchandise 
from one country with a surplus to another which could 
consume such a surplus. The first authentic knowledge of sea 
trading dates back to the Chinese (Ref. 1), the Egyptians and 
the Phoenicians. The Chinese made primitive quays of bamboos 
in various rivers. The Egyptians mostly used beaches, while 
the Phoenicians at principal ports made great stone quays, 
they being more advanced as ship managers and sailors than 
any other people of the period. The Egyptians in the time of 
Rameses II traded to the Syrian coast with small cargoes 
placed in the centre of the ship with rowers on each side, who 
also helped in loading and discharging. They, like the 
Phoenicians, who had larger vessels, loaded and discharged all 
by hand. Manual labour was in fact the sole means employed 
for loading and discharging merchandise for many centuries to 
follow. The Bayeux tapestries illustrate discharging in the 
llth century, showing the methods of hand discharging from 
the holds down the gangways to the quay. There are still 
places even to-day where labour is cheap and manual labour 
is used to the exclusion of mechanical power, but such places 


are few and far between and the amounts of cargo handled 
very small. 

The application of sails for ships about 3,000 B.c. in the 
Mediterranean area called for rigging, and this stage could 
only have been reached after much inventiveness and skill had 
been devoted to rope making, splicing and the use of blocks. 
One of the earliest representations of a rope pulley block 
appears to be that shown on an Assyrian bas-relief in the 
British Museum where a warrior is depicted cutting a rope to 
which is attached a bucket of water, the rope passing over a 
pulley block (Ref. 2). 

It is believed that the making of fibre rope began at least 
5,000 years ago although the earliest representation so far 
discovered is on a tomb at Thebes, where a man and a boy 
are depicted, and the inscription is “Twisting ropes of Boat 
Building” (Ref. 3). There are records of rope-making in 
London during the Roman occupation, but it is believed that 
rope-making as a regular trade did not begin until the 13th 
century. 

It is not known exactly when stranded wire ropes were first 
introduced, but in ancient chronicles from Augsburg in 1351, 
and from Nuremburg in 1360, records have been found con- 
cerning wire drawing, and about this time wire is known to 
have been actually cold drawn through draw plates, this pro- 
cess being introduced into Great Britain about the year 1565. 
Of the various references to the use of wire rope in the early 
part of the last century, it is probable that these were applic- 
able to rope known as “‘Selvagee” in which the individual 
wires were arranged parallel to each other and served with 
yarn, etc., to hold them together. These ropes could not be 
spliced, and were quite unsuitable for work over drums and 
pulleys. They were, however, very suited for use on ships’ 
standing rigging, as the “rope” could be made on the ship. 

During the 1820's a number of people, both in Great 
Britain, and in particular in Germany, were working on the 
idea of twisting wire into strands, and then twisting those 
strands into rope. There seems to be little doubt, however, 
that the credit for introducing wire ropes into everyday prac- 
tice should be assigned to W. A. J. Albert, a mining official 
of Clausthal in the Hartz Mountains, who published the 
results of his experiments in 1835. 

Wire rope appears to have been first marketed in this 
country about the year 1837. 

It is difficult to pinpoint exactly when the swinging derrick 
was first introduced on ships, but it would seem likely that it 
was first seen in the late 1870's. The name derrick, by the 
way, is said to have been taken from a public hangman of 
that name who “practised” in the early 1600’s. In the days 
of sail, discharging and loading was performed by using two 
blocks with runners through them in a manner similar to the 
union purchase method in common use to-day. The block 
plumbing the hatch was sometimes secured on the mast’s stay 
and the block over the dock was frequently secured to one 
of the ship’s yards. 

The steam winch was introduced on the deck at about the 
same time as the swinging derrick appeared and cargo was 
handled by these two for many years. In the late 19th century 
the practice of using two booms which are fixed came into 
being. This system, which has a number of names—Union 


Purchase, Married Fall, Burtoning, Yard and Stay, the latter 
originating in the days of sail—is now the most commonly 
used in loading and discharging normal cargoes. The swinging 
boom only being used when much heavier loads are to be 
lifted. 

Although there have been many refinements, it is of interest 
and indeed somewhat surprising that to-day, nearly a hun- 
dred years after the introduction of the swinging derrick, the 
basic methods of loading and discharging show little change. 
True, there are specialised ships which have conveyor belts 
and others which carry cranes, but the vast majority of mer- 
chant vessels are still equipped with derricks on masts or 
derrick posts, the only difference being that they are now 
steel as against the wood of many years ago and some are 
powered by electric winches instead of steam. 


REGULATIONS 


A vessel may be required to carry an up-to-date Cargo Gear 
Register by the National Authority of the country in which 
it is registered ; in addition various national or port authorities 
throughout the world insist that vessels trading to their ports 
should carry an up-to-date Cargo Register. It is not sufficient 
for a vessel to carry certificates showing that the derricks have 
been tested, as these are not in themselves acceptable to the 
authorities. 

The majority of the regulations of various national and 
port authorities may be said to be based on either the British 
Docks Regulations 1934 (Ref. 4) or the recommendations of 
the International Labour Office (Ref. 5). The I.L.0. recom- 
mendations enlarge upon many points, but in general sub- 
stance, both sets of requirements are very similar. 

It is not proposed to detail these requirements as they can 
easily be obtained from the publications referred to, but there 
are a few points which it would be advantageous to enlarge 
upon. 


INITIAL INSPECTIONS 


The regulations require that, before a Cargo Gear Register 
is issued to a vessel, all items of cargo gear must have been 
tested and examined, This applies both to new vessels and to 
existing vessels which have no Cargo Gear Register on board. 
Where the initial inspection is carried out by a Surveyor, he 
should sign the certificate of test for all the individual items of 
gear and see that they are attached to the Cargo Gear 
Register. Gummed strips are provided at the back of the 
register for this purpose. The tests for each item are given on 
the back of the appropriate certificate. 

It is not necessary for a Surveyor to witness these individual 
tests provided he is satisfied that the person carrying out the 
tests is competent to do so and that the firm’s testing equip- 
ment is accurate. 

In the case of new vessels these tests will have been carried 
out before any derrick has been rigged but in the case of 
existing vessels it is advisable to have all the individual items 
tested and the mast, derrick boom, and standing rigging 
thoroughly examined before proof testing the complete rig. 

It is essential that the proof testing of the derrick “as 
rigged” should be witnessed by the Surveyor who should sign 
the appropriate certificate for attachment to the Cargo Gear 
Register on the satisfactory completion of the test. 

Some notes on proof testing will be given later in the 


paper. 
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PERIODICAL INSPECTIONS 


Derricks and permanent attachments are to be inspected 
once every twelve months and thoroughly examined once 
every four years, whereas cranes, winches and hoists are to be 
thoroughly examined once every twelve months. 

Some wrought iron gear used on power-driven machinery 
is to be heat treated once in every six months and other gear 
once in every twelve months, but these periods are altered to 
twelve months and two years respectively when the gear is 
used on hand-operated machinery. Some items of gear have 
been exempted from heat treatment provided they are 
thoroughly examined once in every twelve months. 

The requirements for heat treatment, which follow generally 
those in Circular No. 2136, are given on the back of the 
appropriate certificate. Heat treatment should only be carried 
out by firms with suitable equipment and staff for the purpose. 

On the completion of a periodical inspection the Surveyor 
is required to sign the Cargo Gear Register in the appropriate 
place, i.e. Part I for annual inspections and quadrennial exam- 
inations of derricks and their attachments and Part II for the 
annual thorough examinations of cranes, winches, hoists, etc. 

Parts III and IV of the register are intended for the use of 
the owners when the examination of gear exempted from heat 
treatment and the heat treatment of other items is carried out 
by their own staff. Where the work is supervised by a Sur- 
veyor he should issue the appropriate certificate for attach- 
ment to the register. 

Particulars of the forms of register and certificates which 
may be issued are given in a later chapter. 

From a perusal of the requirements it can be seen that for 
a Cargo Gear Register to be considered up-to-date it will be 
necessary for there to be evidence that an annual inspection 
has taken place within the previous twelve months and that 
a quadrennial examination has taken place within the previous 
four years. Heat treatment of the various items affected 
should also have been carried out at the prescribed intervals. 

The term “competent person” crops up quite often in the 
requirements. Such a person is one acceptable to the authority 
issuing the certificate and also to the National Authority in 
the country of the vessel’s registration. The Society’s Surveyors 
are accepted as competent persons by most National Authori- 
ties and are named as such in the Canadian Tackle Regula- 
tions. Before signing certificates which state that particular 
tests and examinations have been carried out by a competent 
person, Surveyors should be fully satisfied that the person 
concerned is competent to carry out the tests. 

The term “thorough examination” also appears frequently 
and the official interpretation of this term is given, where it 
is applicable, on the certificates. 


CALCULATIONS 


Before the testing of any derrick “as rigged” takes place it 
is necessary to ascertain the safe working loads of individual 
blocks and shackles in the rig and to check the strength of 
wire ropes in the cargo and span purchases. In the case of 
new vessels these calculations should of course be done before 
any material is ordered and when the Society is to issue cargo 
gear certificates the following plans and particulars are to be 
submitted for approval : — 

A diagram of forces or force calculations for each derrick 

rig. 

Plans of masts and derrick posts. (Although no mention of 

these items is made in the various regulations it is obvious 


that they should be suitable for the loads to which they are 
to be subjected.) 
Plans of Derrick Booms. 
Particulars of the type of steel to be used in the construc- 
tion of masts, derrick posts and derrick booms. (This is 
most important owing to the variety of steels being used 
to construct these items.) 
A list of blocks giving numbers of sheaves, diameter and 
material, type of bearing, type of head fitting, safe working 
load and proof load ; and a list of components such as span 
chains, shackles, etc., giving safe working loads and proof 
loads. Stevedore gear should not be included. 
(Recognised national standards are acceptable for such 
components and it is therefore not necessary to forward 
plans of all the individual items of cargo gear, but only to 
give the particulars as required above and to state to what 
standard the items are to be constructed.) 
A list of wire and fibre ropes giving size, construction and 
actual breaking load. (The actual breaking load of wire 
used for running gear is most important. The aggregate 
breaking strength is not acceptable for such wire, as the 
percentage reduction from this value for laying up may 
vary considerably, but it is accepted for standing rigging in 
accordance with Chapter P of the Society’s Rules.) 

In the case of existing vessels requiring a Cargo Gear 
Register the necessary calculations will require to be carried 
out and the above particulars should be obtained as far as 
possible. 


ANGLE OF INCLINATION 


The lowest working angle of any derrick is usually con- 
trolled by its required maximum outreach. Resultant loads on 
cargo blocks are in the majority of cases greater the lower 
the working angle, therefore calculations should be carried 
out at the lowest working angle. With the lighter load derricks 
(less than 10 tons) this angle may be as low as 15° but the 
heavy load derricks are usually somewhat longer, consequently 
the lowest working angle is greater and in many cases will not 
be less than 25°. Where an angle is quoted as being the lowest 
angle at which a derrick will be worked and it seems likely 
that lower working angles are possible, it should be pointed 
out that if the rig is fitted in accordance with calculations 
carried out at the quoted angle, it will be overloaded if the 
derrick is worked at lower angles. 

It is the Society’s normal practice to use (for calculation 
and testing purposes) an angle of 30° for derricks up to 15 
tons S.W.L. and 45° for greater S.W.L.’s unless the Owner 
definitely desires certification for a lower angle. 

In some cases a derrick is rated to lift its maximum load 
at a particular angle and progressively smaller loads at lower 
angles. 


SAFE WorRKING Loap 


The safe working load is the maximum permissible load 
that may be lifted by the loading gear, including weight of 
grabs, lifting beams or other special accessories. 


SHEAVE FRICTION ALLOWANCES 


A certain amount of confusion exists regarding friction 
allowances, mainly due to the use of various methods of 
calculation. 


Frictional resistance in ropes and pulleys is due to the 
combined effect of : — 

Journal Friction: The effort required to rotate a pulley on 
its axle. 

Rope Friction: The effort required to bend and unbend a 
rope around a pulley. 


Journal Friction needs little explanation but Rope Friction, 
caused by the resistance of the rope to bending, is largely due 
to the internal friction between the individual wires and 
strands in the rope as they adjust themselves to the different 
lengths along the inner and outer curves. 

In the case of wire rope pulley blocks, such as ships’ cargo- 
lifting blocks it is probable that more frictional resistance is 
due to rope friction than to journal friction, always assuming 
that the blocks are in good working order with the pulleys 
rotating freely. For a given load, the axle pins of wire rope 
blocks are likely to be smaller in diameter than those em- 
ployed for pulleys on cranes. In the latter case, the rope’s 
speed is generally greater, and the working more continuous, 
calling for lower bearing pressures on the axles, with a corres- 
ponding increase in their diameter, in order that efficient 
lubrication may be maintained. Furthermore, the general 
practice is that the pulleys in ships’ blocks are smaller in 
diameter, in terms of rope size, than those on cranes, thus 
increasing the rope friction. 

It would seem, therefore, that for wire rope blocks a great 
reduction of frictional resistance will not be effected by the 
fitting of ball or roller bearings, as these do not influence 
rope friction. However, the fitting of ball or roller bearings 
to such blocks will ensure free rotation of the pulleys, and 
will result in more efficient lubrication and an increased work- 
ing life of the block. 

Because of the many factors affecting frictional resistance, 
friction coefficients per sheave can only be reasonably based 
on an arbitrary percentage per sheave, the appropriate per- 
centage depending upon the equipment used and the method 
of calculation. 

There are three methods of calculation commonly used for 
obtaining friction coefficients. The first two are empirical (in 
which the rope tensions sum up to a greater value than the 
load P, held by the purchase and which cannot occur in 
actual practice). The third is a strictly correct method, in 
which the sum of the individual rope tensions equals the load 
P, held by the purchase. 

Most of the confusion which has arisen over friction co- 
efficients is due to the fact that each method requires a 
different percentage to obtain the same friction coefficient. 

Examples of the three methods are given in Appendix I. 
Method 3 is the one which has been adopted by the Society. 

Various sheave friction percentages have been adopted 
according to the conditions apertaining. These percentages 
whilst still arbitrary are based on the latest experiments carried 
out. 

When sheave diameters of the normal size are fitted (ie. 
similar to the recommendations of B.S.408 Ships’ Cargo Lift- 
ing Blocks), friction allowances of 8 per cent per sheave 
accumulative may be used for bushed plain bearings and 
5 per cent per sheave accumulative for anti-friction bearings 
(i.e. ball or roller bearings). The use of sheaves with smaller 
diameters than B.S.408 should be discouraged as they will 
give rise to excessive wear on the rope and rope friction 
would increase out of all proportion. 
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Force diagram for heavy load derrick. 


When larger diameter sheaves are fitted similar to those 
used for engineering purposes, rope friction will be reduced 
and so correspondingly can friction allowances. They may be 
6 per cent per sheave accumulative for bushed plain bearings 
and 4 per cent accumulative for anti-friction bearings. 

Special consideration is given to specially designed heavy 
derricks, which are to be operated by crews trained for the 
purpose and which have a high mechanical efficiency. Friction 
allowances in such cases would probably be of the order of 
5 per cent per sheave accumulative for bushed plain bearings 
and 3 per cent per sheave accumulative for anti-friction 
bearings. 

Tables of coefficients for estimating rope tensions are 
obtainable from “Safe Working Loads of Lifting Tackle” 
Appendix 2 (Ref. 6) and B.S.408 or 1700 (Refs. 10 and 12). 


RESULTANT Loaps 

The maximum resultant loads on the various cargo blocks 
may be obtained graphically or by calculation. The method 
used depends on which is preferred but when drawing facili- 
ties are not available the calculation method has much to 
commend it. This method is also very useful for checking pur- 
poses. 

Fig. 1 shows the layout of the graphical method for a light 
load derrick with the cargo purchase led parallel to the boom. 
There is a variation for the heavier load derrick, generally 
over 10 tons S.W.L., when the cargo purchase is led parallel 
to the span ropes (see Fig. 2). 

A comprehensive description of the calculation method may 
be obtained from Ref. 6, so it is proposed only to describe 
the method briefly and to enlarge upon one or two points 
which may require clarification. 

The maximum load on the Derrick Head Span Connection 
occurs when the derrick is at its lowest working position. This 
can be confirmed from the force diagrams on both Figs. | 
and 2. By lowering the derrick boom further the force 
diagram alters and the span tackle load becomes greater. It 
will also be noted from Fig. 1 that a value of 0°60 ton is 
added to the cargo weight, this value representing the weight 
of the cargo gear plus half the weight of the derrick boom. 
The weight of the cargo gear is suspended from the end of 
the derrick and is therefore fully effective ; it is assumed that 
the derrick boom is simply supported, one half of its weight 
being borne by the heel fitting and the other half by the span 
purchase. Referring to Fig. 2 it can be seen that where the 
cargo runner is parallel to the span rope the runner is acting 
in the opposite direction to the pull in the span, therefore 
affording some relief to this pull. The smallest relief is when 
lowering, which means that the maximum pull in the span is 
when lowering at the lowest working angle. 
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The maximum resultant load on the Mast Head Span Block 
also occurs when the derrick is at its lowest working position. 
When the span ropes are rigged as in Fig. | this load depends 
on the angle () between the span ropes and the lead to the 
heel block (see Fig. 3). 


R=, P,?+ P?+2P.P cos 0 


where : — 
P=pull in span 
P,=kP 


S=Distance from the centre of the mast head span eye, to the 
centre of the derrick head span eye. 

H=Height from the centre of the derrick heel pin to the 
centre of the mast head span eye. 

V=Safe working load of derrick +4 weight of derrick boom+ 
weight of cargo purchase. 

k is obtained from tables of coefficients for estimating rope 
tensions, being dependent upon friction allowance and the 
number of ropes in the span. 


*, R= V/k2P?+ P?+2kP? cos 0 
R=P\/k?+2k cos 9+1 


* Nore.—The k value to be used is that which will give the 
maximum resultant load when either hoisting or lowering. 
The limiting angle above which the lowering resultant load 
is to be used can be obtained as follows 


0=180—8 


8=cos where N=number of parts in rope. 


When the span ropes are rigged as in Fig. 2 the maximum 
resultant load on the mast head span block is equal to the 
pull in the span minus the tension in the final rope leading off 
the span tackle. The smallest relief obtained from this rope 
is when lowering. so that this is when the maximum load 
occurs. 

The maximum resultant load on the Upper Cargo Purchase 
Block occurs when the derrick is vertical. In this position when 
rigged as in Fig. | the resultant load is P+ P,, where P=S.W.L. 
and P,=tension in the cargo runner when hoisting. Here it 
may be observed that no account has been taken of the weight 
of the lower cargo purchase block. It is most unlikely that the 
derrick will be vertical with the load attached, consequently 
the value P., should be modified to P, cos 8 where 8 =actual 
angle between P. and the vertical; the weight of the lower 
cargo purchase block should then be taken into account. If, 
however, P+ P. is used it will be a greater value than any 
which will be met with in practice and the weight of the lower 
block may be neglected. 

When rigged as in Fig. 2 the maximum resultant load on 
the Upper Cargo Purchase Block equals 

P—— 
where P=S.W.L. 
P,=tension in the last rope in the cargo purchase when 
lowering. 

The load on the Lower Cargo Purchase Block is equal to P 
(S.W.L.). 

The maximum resultant load on any Lead Block depends on 
the included angle () formed by the rope leading on to and 
away from the block. The maximum resultant load occurs 
when the derrick is at its lowest working position. If the 
force diagrams for the lead blocks in Figs. 1 and 2 are exam- 
ined it will be seen that, apart from the block leading the 


cargo purchase wire to the winch in Fig. 2, all the resultant 
loads will be increased by lowering the derrick. 
R=P,\/k?+2k cos9 +1 
where P=tension in rope leading on to the block. 
k=coeflicient of friction. 
A specimen calculation corresponding to the graphical 
method shown in Fig. | is given in Appendix II. 


Derrick Booms 


The loads on a derrick can be divided into two classes: — 
1. The axial thrust due to the components in the direction 
parallel to the derrick of the tensions in 
(a) the cargo runner 
(b) the span tackle, and 
(c) the slewing guys 
2. The bending moment due to 
(d) its own weight 
(e) the eccentricity of the topping lift and hoist blocks, 
and 
(f) the deflection of the derrick. 
The method outlined as follows is based on the work of 
J. B. Davies (Ref. 7). 
Considering first the axial thrust. The thrust due to the 
cargo runner and span tackle may be obtained graphically 
as in Figs. | and 2 or by calculation as follows : — 


(3 xv) P.. 


in the case of the ordinary cargo derrick (see Fig. 1) where 
the cargo runner is led parallel to the derrick boom. 


T (axial thrust) 


T (axial thrust) a x V. 


in the case of a heavy-lift derrick (see Fig. 2) when the cargo 
runner is led parallel to the span ropes 
where V=safe working load of derrick+4 weight of derrick 
boom+ weight of cargo purchase. 
L=length of derrick from the centre of the derrick 
heel pin to the centre of the derrick head span eye. 
H=Height of mast from the centre of the derrick heel 
pin to the centre of the mast head span eye. 
P.,=tension in cargo runner when hoisting. 

The thrust due to the slewing guys on a swinging derrick 
will only be appreciable when there is a large initial heel on 
the ship or when large weights are being swung. The effect of 
the axial thrust due to the slewing guys may therefore be 
neglected in most cases when the safe working load of the 
derrick is less than 10 tons. 

When it is necessary to calculate this thrust the heel caused 
by the swinging load is given by 
Wx xX 
4\ x GM 

where W =load 
X=distance moved 
/\ =displacement 
GM=metacentric height 
the transverse load at the boom head=W sin og. 


tan 9= 


This transverse force is resisted by the derrick and one guy 
(see Fig. 4). The axial load in the derrick is thus the horizontal 
component in the derrick divided by cos « (the inclination 
of the derrick to the horizontal). 
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In the Docks Regulations 1934, Register (Form 99) a mini- 
mum factor of safety of 5 is recommended for all metal parts 
when the safe working load of the derrick is 10 tons or less 
and 4 when the safe working load is over 10 tons. 

This factor of safety is usually taken to mean a “load 
factor” of 


Axial Crippling Load 
Axial Thrust 


The axial crippling stress from which the axial crippling 
load may be obtained is given by the following formula: — 


=5 (or 4) as appropriate. 


Axial Crippling Stress = 
| (Py+(1+2)Pe)—\/ (Py+(1+")Pe)?—4Py Pe | 
where Py=minimum yield stress in tons/sq. in. 


(Generally taken as 15 tons/sq. in. for mild steel 
and 20 tons/sq. in. for high tensile steel) 
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Pe =Euler crippling stress= a 
k 


n=-003,) —an empirical allowance to take account 
of initial deflection. 
/ length 


= eaincnsartion [i.e. slenderness ratio] 


E=13,000 tons/sq. in. 


It should be pointed out that the load factor only takes 
account of axial loading though it may be said that in many 
cases the additional stresses due to the bending moments 
induced will be taken care of by the factor of 5 (or 4). 


In order to obtain a more comprehensive estimate of the 
working strength of a derrick boom it is necessary to consider 
the combined effect of axial load and bending stresses. The 
calculations should be based on a stress factor: — 

Yield Stress Py 


stem, actor > aire Fibre Stress p,t+fb 


where p,=Extreme Fibre stress due to axial load 
fb=Extreme Fibre stress due to bending moments. 

The appropriate “load factor” is still applied, i.e. the axial 
thrust in the derrick should not exceed ! (or 4) of the 
axial crippling load. In the case of new derricks it is con- 
sidered that a stress factor=34 should be used but in the 
case of existing booms it may be considered satisfactory if the 
value of N is not less than 3. 


The bending moment due to axial load times deflection due 
to weight and end moment may be estimated by the applica- 
tion of the secant ratio. 


Pr 
4ET 


as sec 0°2513 Vite (1) degrees 


9Xxi iT i “ 
where fa= 9" se 


The usual expression see, | radians can be expressed 


tons/sq. in.= 
/sq A 


and all bending moments must be multiplied by sec where 


g=02513, /ta (\) 


R, = 


—= 


or) 


W, = R, cos B, R, 
W, = R, cos B, 


resultant load on upper 
cargo purchase block 


(a) 


Now p,, the stress produced by the axial load T assuming an 
initial crookedness e, is given by 


a1) sec. 6 
Paty, | Pa 
sat gt TS sec. 3 
RE NS Te ae 
jie Eyes 
Am faandy, =" 

Deal Bk Ae t sec. B 

=M 
also fb = Zz sec. 


+ M can be subdivided into the bending moment due to the 
; WL : 
weight of the derrick Ma=—— cos % (where W is the total 
weight of the derrick and L is the length in inches) and the 
bending moment due to end eccentricity My. 
considering Fig. 5a Mb=(W,e,)—(W.e,) 
and S M=Ma+Mb 
in the arrangement shown in Fig. 55 Mb=W,e, 
and > M=Ma—Mb 
From the foregoing it will be seen that the derrick boom 
Py 


may be considered satisfactory when N 


p,t+fb< 


: =M P 
ie. fatfa msec. 8 + a sec. BS N 


= 
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gee Mare =M 
and from this it can be said that the limiting value of = 


EK (fa+fa™ sec. B ]eos B. 

Some consideration should be given to dynamic forces such 
as acceleration of the load, rough handling and consequent 
additional thrust due to slewing guys on the ordinary cargo 
derrick as against the heavy-lift derrick. This is covered by 
the addition of an arbitrary value of 50 per cent to the value 
fa in the case of derricks with a safe working load of 10 tons 
or less. 

The limiting value of the applied bending stress for such 
derricks is consequently reduced to 


Py 
N 


in this expression GB =0°2513\/1-5 fa ( 


== (Sitar: lieSifa nsec: 2)| cos 6 


‘) degrees 
k 

When calculating the limiting stress values it should be 
realised that the maximum stresses will occur in the boom 
either at the derrick’s lowest working position or when it is 
approaching the vertical. The bending moments should there- 
fore be calculated in both positions. 

A worked example is given in Appendix III. 


SAFE WORKING LOADS 
SINGLE SHEAVE BLOCKS 


These are used at various positions in the derrick rig such 
as span gear, upper and lower cargo blocks, heel blocks, lead 
blocks, etc., and may be used with or without beckets. The 
S.W.L. of a single sheave block is always assessed on one 
particular condition of loading; i.e. when the block is sus- 
pended by its head fitting and the cargo load attached to a 
wire passing round the sheave such that the hauling part is 
parallel to the part to which the load is attached (see Fig. 6(a)). 
The S.W.L. marked on the block is the weight W tons that 
can safely be lifted by the block when rigged in this way. The 
resultant load on the head-fitting is, however, twice the S.W.L. 
marked on the block, i.e. 2W tons. The block must therefore 
be designed to take a resultant load of 2W tons and a proof 
load of twice this value is applied. i.e. 4W tons. 

When the block is rigged as a lower cargo block as in 
Fig. 6(b) the S.W.L. marked on the block is unchanged, but 
the resultant load on the head-fitting is only W tons. As the 
block has been designed to withstand a resultant load on the 
head fitting of 2W it follows that the block is safe to support 
a cargo load of 2W tons (see Fig. 6(c)). 

Fig. 6 gives examples of the use of single sheave blocks and 
the method of obtaining their S.W.L’s. 

Normally it is contrary to law to employ a lifting appliance 
to lift a cargo load in excess of that marked upon it. However, 
the Docks Regulations and the International Labour Office 
Recommendations specifically permit a single sheave block to 
be, in effect, “overloaded” when rigged in this particular 
manner. 

The Docks Regulations; Regulation 33 states ‘ . When 
the load upon a single sheave pulley block is attached to the 
pulley block instead of to the chain or rope passing round the 
sheave, the load on the pulley block shall be deemed for the 
purpose of this Regulation to be half the actual load”. 

I.L.O. Recommendations: Article 295 (2) “. . . in the case 
of a single sheave block when the load is attached directly 


to the block instead of to the rope passing round the sheave, 
it is permissible to lift a load equal to twice the S.W.L. of the 
bigck== . 


MULTIPLE SHEAVE BLOCKS 
The safe working loading marked on any multiple sheave 


block must correspond to the resultant load on the head-fitting 
of that block. 


SHACKLES AND LINKS SECURING BLOCKS 

The safe working load of any shackle and link securing 
the block is to be equal to the safe working load on the block, 
except in the case of single sheave blocks when the safe work- 
ing load is to be twice that marked on the block. 


Hooks 
The sate working load of a hook is to be equal to the safe 
working load of the derrick rig. 


Wire ROPE 

The safe working load of wire rope is based on the maxi- 
mum tension set up in any part of the rope in the purchase, 
i.e. the tension (when hoisting) in the final rope in the pur- 
chase leading to the winch. 

Wire rope should have an actual breaking strength of not 
less than: — 


(a) In the case of derricks with safe working loads up to and 
including 30 tons, 5 times the maximum tension in the 
rope. 

(b) In the case of derricks with safe working loads, W, over 

W 
30 tons up to and including 60 tons (6— —) times the 
30 


maximum tension in the rope. 
(c) In the case of derricks with safe working loads over 60 
tons, 4 times the maximum tension in the rope. 

It should be pointed out, however, that the above should 
not be applied indiscriminately as some National Authorities 
require that a factor of safety of 5 be applied in all cases 
unless special permission is obtained for the adoption of the 
lower figures given in (b) and (c). 

OTHER ITEMS 

The safe working load of all other items is to be suitable 
for the maximum resultant load to which they will be sub- 
jected in their designated position in the rig. 


TESTING 


Derricks are initially tested (‘Initial Test’) with the boom at 
its lowest working position, preferably 15 degrees to the hori- 
zontal, provided that this allows sufficient outreach for work- 
ing the cargo. Tests may be carried out at the angle at which 
the calculations were carried out, provided that this is the 
lowest working angle of the derrick. The actual angle of the 
test should be shown on the test certificate. 

During its working life, it is a Statutory requirement that 
the derrick be re-tested after any repair to the derrick or 
permanent fittings, or after any alteration of the rig not 
covered by the Ships’ Rigging Plan. While not mandatory, it 
is generally accepted as good practice to re-test the derricks 
at each Quadrennial Examination and it is suggested that this 
be done whenever possible. 

It is perhaps relevant at this point to issue a warning. Sur- 
veyors are frequently asked to witness the proof loading of 


— SW.L = W 


Load = W Ww 


Load = W 


S.W.L. of derrick =4 


(d) 


S.W.L. of derrick =4 


Double block 
~S.W.L. = R 
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derrick rigs and issue a certificate of test without reference to 
any particular cargo gear regulations. Apart from the fact 
that such certificates, without a complete Cargo Gear Register, 
may not be acceptable in many parts of the world there is a 
danger in applying proof loads to a derrick if there is no 
evidence that it has ever been previously tested to these loads. 
There is always a possibility, in such cases, of one block or 
shackle in the rig being under strength and thus a risk of the 
whole derrick collapsing. 

Before tests are carried out on any derrick “‘as rigged” on 
a new vessel or on any vessel which has not previously had a 
Cargo Gear Register, it is necessary to ascertain the safe 
working loads of the individual items by the methods previ- 
ously discussed and to ensure that all loading and unloading 
machinery, fixed accessories and chains and wire ropes have 
been tested in accordance with the requirements. 

Every article of loose gear has to be proof tested in accord- 
ance with the requirements laid down in the regulations, these 
requirements being stated on the appropriate certificate. The 
required proof loads are given in terms of the safe working 
load and the safe working load in each case is that required 
for the item in its particular position in the rig. 

Wire rope is to be tested by a sample being tested to 
destruction. The safe working load is not to exceed one fifth 
of the breaking load except when the provisions stated in the 
chapter on safe working loads are applicable (see page 9). 

In the case of existing vessels, if any of the items of gear 
are found to be of insufficient strength, they should either be 
replaced by gear of the appropriate size and strength, or the 
safe working load of the derrick reduced. 

Tests on derricks are generally carried out by the use of 
weights of the correct tonnage (known as a “dead load’), or 
the use of a dynamometer (test clock). It is preferable that 
the “Initial Test” be carried out by ‘“‘dead load”. 

If on a particular derrick, a single whip is normally used, 
but the derrick boom and span gear are capable of supporting 
a cargo load greater than that which may be lifted by a single 
whip, a proof load may be applied with the cargo runner 
doubled up at the derrick head, provided that the ships’ blocks 
and shackles are used for the test. Where it is found necessary 
to use the doubling-up method (i.e. gun tackle rig) (see 
Fig. 6(e)), this should be stated on the certificate of test, also 
the safe working load that may be lifted on a single whip. 

Before applying the proof load all permanent attachments 
on the mast and derrick should be carefully examined. It is 
also good practice to rig a preventer guy as a precautionary 
measure against any part of the span gear “carrying away”. 

When proceeding with the test, the proof load should be 
applied steadily, and all fittings should be carefully watched 
for any indication of failure. Apart from watching, it is also 
a good idea to “listen” for any signs of failure. After the proof 
load has been-hoisted, it should be swung as far as possible in 
both directions, when using movable weights. When a test 
clock is used the derrick should be swung as far as practicable 
first in one direction then in the other. The balance used 
should be accurate and the test should not be considered satis- 
factory unless the indicator remains constant for at least five 
minutes. 

When using a test clock for testing heavy lift derricks, care 
should be taken to ensure that the anchorage for the clock 
is of adequate strength, avoiding any risk of structural damage 
to the ship. Some owners in fact have a special test anchorage 
“built in” to their vessels. In the case of derricks of 30 tons 


il 


safe working load and over it is advisable to lift moving 
weights whenever possible. Shore anchorages may be used but 
particular care should be taken with their siting as there is 
considerable danger from the wash of passing vessels if the 
derrick is being tested with the ship alongside a quay in an 
open waterway. A shore anchorage at the side of a dry dock 
which can be used when the dock is flooded or one in a closed 
basin where disturbance is unlikely would be quite safe. In 
the case of particularly heavy lifts where the necessary weights 
are not available wire strops can be placed round a loaded 
barge and the testing clock attached to the lower cargo pur- 
chase block, in a position where it can be readily observed. 
Here again, care should be taken to carry out the test when 
it is unlikely to be disturbed by passing vessels. 

In the case of a heavy-lift derrick it is also advisable to 
ensure that there is sufficient cargo or ballast on board to 
avoid excessive list under test. Shrouds and preventers should 
be properly set up to give adequate support to the mast, and 
slewing guys should be so placed that the angle they make 
with the derrick boom is not unduly narrow, so that where 
the vessel heels over under load they will control the derrick 
without developing excessive tension. 

On completion of the test a visual examination should be 
made of all parts of the derrick rig and of the permanent 
attachments on the mast and derrick, the sheaves and pins of 
the pulley blocks being removed for the purpose. Any part 
which shows damage or permanent deformation should be 
regarded as being overloaded, it should not be used again 
unless it can be repaired. Further tests are to be made 
following repairs. 

In all cases the winches should be carefully examined to 
ensure that they are in good working order, that the controls 
act effectively and that they are fitted with a device for 
locking on the reversing lever. They should be capable of 
working the safe working load of the derrick without 
difficulty. 

It is not necessary to proof test union purchase rigs as each 
derrick should be considered separately as a swinging derrick. 
Before being taken into use, however, the rig should be tested 
with its safe working load to ensure smooth working. 


Table | may be found useful for reference purposes : — 


TABLE 1 


SraTuToRY Proor LOADS FOR SHIPS’ DERRICKS 


S.W.L. of Proof | S.W.L. of | Proof | S.W.L. of | Proof Load 
Derrick Load Derrick Load Derrick 
tons tons tons tons | tons tons 
1 1:25 6 7°5 12 15:0 
1:5 1-90 6°5 8-15 15 18-75 
2 2-5 7 8-75 20 25-0 
pa 3-15 7°5 9-4 25 30-0 
3 3°75 8 10-0 30 35:0 
3°5 4-4 8-5 10-65 35 40-0 
4 5:0 9 11-25 40 45:0 
4-5 5-65 9°5 11-9 45 50-0 
5 6-25 10-0 1245 50 | 10 per cent 
and over | in excess of 
the S.W.L. 
| of the der- 
rick. 


MARKING OF SAFE WORKING LOADS 


The maximum safe working load of all gear tested should 
be marked in a durable manner in a conspicuous place 
together with other necessary identification marks. The marks 
should be as follows : — 

(a) distinctive letters of the port 
(b) number of the certificate 
(c) identification marks of the individual part 
(d) safe working load 
(Note.—Only the safe working load and nof the proof 
load should be marked.) 

(e) date, i.e. month and year of test 
(f) initials of surveyor. 

An example of a complete set of marks is as follows: — 


LDN 101—A05—12-61 
S.W.L.—5_:—A:B: 


Where 101 is the number of the certificate and AOS is the 
identification of the particular item on derrick A, it is sug- 
gested that derricks should be marked by letters and com- 
ponent parts by numbers. 

All marks should be stamped on a non-vital part of the 
item of gear. The recommended sizes for markings on lifting 
gear components are as follows: — 


Size of 
Components of Circular Hooks Mark 
Cross-section (inch) 
Dia. up to and including | S.W.L. up to and 
+ in. including 2 tons 4 
Dia. over + in. up to and S.W.L. over 2 tons 
including 1 in. up toand including 
8 tons 
a 


S.W.L. over 8 tons 


Dia. over 1 in. 


When marking circular cross-sections, the stamps used 
should have a concave surface and care should be taken to 
ensure that the indentations are neither too sharp nor 
excessive in depth. The safe working load should be rounded 
off to two significant figures and odd fractions should be 
avoided. 

Where the size of the material is comparatively small, 
oblique strokes can be dangerous as they tend to cut into 
the bar and weaken it, and for the purpose of a dividing line, 
a dot or hyphen is preferable. 

Recommended positions for marking the various parts are 
as follows : — 


Derrick Booms 


On the hee! fitting. Where the derrick can only be worked 
safely at an angle higher than 15° to the horizontal it is good 
practice, though not mandatory, to mark the lowest permis- 
sible angle. The practice of painting the S.W.L. and lowest 
working angle on the side of the derrick in sizeable letters 
also has much to commend it. 


BLOCKS 


On the supporting strap or on the side plate near the 
suspension of the block. 
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SHACKLES AND CARGO SHACKLES 


On the arms clear of the crown and eye; one part of the 
mark may be on one arm and the remainder on the other. 


Carco Hooks 


At the side of the hook near the point; part of the mark 
may be on one side and the remainder on the reverse side. 


CHAINS 
On the last link at each end but not on or near the weld. 


VARIOUS SURVEYS 


PERIODICAL INSPECTION 


The requirements and frequency of periodical inspections 
were discussed in a previous chapter. It is difficult to set out 
a procedure to be followed but it is hoped that the following 
suggestions will prove useful. It should be added that some of 
the suggestions are the result of points which have arisen 
when examining reports of inspections carried out and others 
are taken from Safety and Health in Dock Work (Ref. 5). 
The Author is sure that there will be other suggestions forth- 
coming in the discussion from colleagues who have practical 
experience of such inspections. 

When a periodical survey is requested, the ship’s Cargo Gear 
Register should be consulted to ensure that it is complete and 
also to ascertain where the previous inspection took place and 
what requires to be done. This is often necessary as ships’ 
Masters are not always familiar with the various requirements. 

Particular notice should be taken of the type of register 
being carried by the vessel. It is desirable where this is a 
British register that the appropriate British forms be issued. 
These forms are in fact essential when the vessel is British 
registered. The Society’s forms may be issued in the case of 
other vessels unless the owners require otherwise. 

When carrying out annual inspections of derricks and 
ancillary equipment it is not necessary to dismantle the gear. 
All parts of the gear should be working freely and any 
damage should be repaired if possible, otherwise the part 
should be replaced. Particular attention should be paid at 
these inspections to the condition of wire ropes and they 
should be renewed in the case of extensive wear, corrosion or 
other defect. 

It will seldom be found that there is deterioration in a wire 
rope throughout its length; frequently this is confined to a 
short portion and is due to local conditions. Special attention 
should therefore be paid to all portions of the rope in contact 
with pulleys. If local wear is near the middle of the rope’s 
length the rope should be replaced. If the wear is near one 
end it may be possible to reverse the rope and so increase its 
working life. If the wear occurs at the end, i.e. in way of a 
splice taper it should be possible to cut and re-splice the rope 
if there is sufficient length to allow this to be done. 

The wear of a rope is generally due to some form of 
abrasion and is indicated by “flats” which normally appear 
along the working part of the rope. “Flats” eventually cause 
the individual wires in the strands to break. In cases of rapid 
wear the cause may be due to grooves deepened by rope wear, 
which afford insufficient clearance, to a pulley misalignment, 
to pulleys failing to revolve freely or to chafing on some part 
of the equipment. In such cases it would obviously be of 
considerable help to the shipowner if some effort were made 
to find the cause of wear. 


A guide to the permissible wear on wire ropes is as follows. 
For normal shipping ropes, i.e. “cross laid”, a rope should be 
renewed if 10 per cent of the total number of wires are broken 
in any length eight times the diameter ; in these ropes all the 
covering wires both inners and outers are of the same 
diameter. “Equal Laid” ropes such as the Seale type more 
generally used in engineering work are sometimes encoun- 
tered. Such ropes have larger wires for the outers than for 
the inners and due to this, much of the strength of the rope 
is provided by these outer wires. These ropes should therefore 
be renewed if more than 5 per cent of the wires are broken 
in any length ten times the diameter. When considering the 
permissible broken wires in a rope, filler wires should not be 
included in the total number of wires in the rope, neither 
should the wires forming the core in a rope having a wire 
main core. 

The percentages given are a good guide but the distribution 
of such broken wires is important, as there is considerable 
difference between broken wires equally distributed between 
six strands, and broken wires in one or two strands only. 
Where broken wires are in one or two strands only, or are 
close to a terminal fitting such as a wire rope socket, a small 
number of these may render a rope dangerous, and care and 
discretion are needed in this respect when carrying out an 
examination. 

Winches are to be thoroughly examined annually which 
means that they should be dismantled if considered necessary. 

When carrying out a quadrennial inspection it is as well to 
remember that all items which have to be inspected annually 
should also be dealt with at this time. The examination of 
masts and derrick booms should follow the normal procedure 
for steel structural items. 

When it is necessary to replace a derrick boom there is a 
danger, if the owner decides to use a derrick from another 
ship, that it may not be suitable. This is particularly true if 
the mast on the ship requiring the replacement is shorter than 
on the ship from which the replacement is taken. Derrick 
thrust varies with the ratio of the derrick length to the height 
of the mast. Therefore two derricks of the same length lifting 
the same load would require to be of different cross-section 
area if the masts to which they were fitted were of different 
heights. 

The thorough examination of blocks may be carried out 
along the following lines : — 


1. Examine the nut and collar of the shank (or, when riveted 
over, the rivet head) of the swivel head fittings to ensure 
that: 

(a) it is securely fastened and free from visible defects, 

(b) the shank is not distorted and turns freely by hand, 
and 

(c) the clearance is not excessive. 


2. Examine the straps for fractures and wastage due to cor- 
rosion. 

3. Examine the side or partition plates for buckling and 
distortion. 

4. Examine the sheaves to ensure that: 


there are no cracks, 

the bush is not slack, and is not worn where it is in 
contact with the axle pin, 

each sheave turns freely by hand, and 


(a) 
(b) 


(c) 


5. Examine axle pins to ensure that: 
(a) they are not excessively worn, 
(b) they do not rotate, and 


(c) they are securely held in place. 


Ball or roller bearings should not be dismantled. 

Hooks, shackles, chains, etc., should be examined for wear, 
cracks, cuts, bends and gouges and where these are considered 
excessive the items concerned should be replaced. 

Care should be taken when replacing blocks, etc. It is not 
necessarily the case that a block from one 5-ton derrick can 
be used on another. The safe working load marked on the 
block should be checked to ensure that it is at least the same 
as the one it is replacing. 


REGISTERS AND CERTIFICATES 


There are two forms of register and certificate which may 
be issued by the Society’s Surveyors, namely, the British Dock 
Regulations form and the Society’s form. The differences 
between these two are very slight as both are based on the 
standard international form of register and _ certificate 
approved by the International Labour Office. 

A list of the corresponding forms is given below and a 
facsimile of each certificate is given in Appendix IV. 


Docks Regulations 
Form No. 
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L.R. Form No. Title of L.R. Form 


Gon Register of Ships’ Cargo- 
Handling Machinery and 
Gear forming part of the 


vessel’s equipment. 


Certificate of test and exam- 
ination of winches, derricks 
and accessory gear before 
being taken into use. 


C.G.2 1944 


Certificate of test and exam- 
ination of cranes or hoists, 
and their accessory gear 
before being taken into use. 


CG3 1945 


Certificate of test and exam- 
ination of chains, rings, 
hooks, shackles, swivels and 
pulley blocks, before being 
taken into use, and of such 
gear after it has been 
lengthened, altered or 
repaired. 


C.G4 86 


Certificate of examination 
and test of wire rope before 
being taken into use. 


CGS 87 


Certificate of heat treat- 
ment of chains, rings, hooks, 
shackles and swivels which 
require such treatment. 


CG.6 1946 


Certificate of annual thor- 
ough examination of gear 
which does not require to 
be periodically heat treated. 


C.G.7 


In addition to these forms which are for issue to the ship, 
form C.G.10 has been instituted to facilitate the reporting of 
cargo gear inspections and to provide a record of such 
inspections for reference purposes. The number of certificates 
involved when carrying out such inspections is sometimes 
quite large and, as the inspections are quite frequent, if copies 
of all certificates issued were forwarded to London Office a 
sizeable file would soon accrue for each vessel. It is therefore 
only necessary to report each inspection on a form C.G.10 
giving details of the type of inspection, certificates issued and 
the date of issue. 

Invariably there are deviations from the normal run of 
inspection and in such cases it would be most helpful if some 
indication of what has been done was given on the C.G.10. 
Some examples of such deviations are given below. 

A Surveyor may be requested to witness tests on and issue 
certificates for individual items of gear such as_ blocks, 
shackles, wire rope, etc., which will then be despatched to a 
vessel building at another port. In such cases a C.G.10 should 
be forwarded stating the certificates issued and indicating the 
components that have been tested, i.e. blocks only. 

When major repairs or renewals have been carried out 
necessitating proof testing of the rig and the issue of certifi- 
cates, some indication that repairs have been effected should 
be given on the C.G.10 This applies when such repairs are 
necessary both at periodical surveys and following damage. 

When minor repairs not requiring a proof test are carried 
out at a time other than a periodical inspection a Report 10 
may be issued for attachment to the Cargo Gear Register. A 
C.G.10 should then be forwarded to London Office stating 
that the Report 10 has been issued. When minor repairs are 
carried out at a periodical inspection the nature of the repairs 
should be stated in’ the appropriate remarks column in the 
Cargo Gear Register and a note made, i.e. “Minor repairs” on 
the C.G.10 forwarded to London Office to report the 
inspection. 


The foregoing chapters have been connected with the 
application of the various regulations. The items dealt with 
in the chapters which follow have a bearing on the subject, 
though they may not be specifically referred to in the regula- 
tions. In some cases, the information given should be useful 
when dealing with particular cases, and in other cases it is 
given for interest only. In all cases, however, it is felt that 
there are bound to be points which may be added during the 
ensuing discussion. 


UNION PURCHASE RIGS 


It has already been stated that the Union Purchase system 
is now the most commonly used in loading and discharging 
normal cargoes. It has, however, been subject to misuse owing 
mainly to ignorance of the loads which may be induced in 
the individual items of the rig. There have been a number of 
papers written on the subject in recent years and from these 
various methods of calculating the loads have evolved. The 
method adopted by the Society was developed by Mr. L. 
Linder of Messrs. Coubro Scrutton Ltd. for the British 
Standards Institution. It is not proposed to detail the method, 
as it is given in B.S.1700 (Ref. 12), but only to consider some 
of the important items in connection with the use of Union 
Purchase rigs. 
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The principle of the Union Purchase rig is well known ; one 
derrick being fixed in a position over the hold and the other 
being fixed over the side of the ship. The only moving parts 
in addition to the load are the two runners and the hook. The 
system is mechanically very efficient but unless certain precau- 
tions are taken, stresses are induced which are not encoun- 
tered with a swinging derrick. 

Generally speaking, apart from derricks of less than three 
tons S.W.L., it is the safe working load of a single runner 
rather than that of the derrick boom which will determine 
the S.W.L. in Union Purchase. The tension in the runner 
depends not only on the load but also on the angle between 
the runners and it has been found that when this angle 
increases beyond 120° the tension increases rapidly. It is for 
this reason that it is recommended that the angle between the 
runners should never be more than 120°. The use of unduly 
long slings by stevedores should be avoided if the headroom 
is limited as this tends to increase the included angle between 
the runners. 

It will be found that guys normally used for swinging 
derricks are not adequate for use in Union Purchase. The 
tension in the runners tends to pull the heads of the derrick 
booms together and the outboard guys restrain the booms 
with a consequent increase in the pull on the guys. Some 
firms have recently found it of considerable advantage to 
provide an additional guy lug on the outboard side of each 
derrick boom, for use when working in Union Purchase. This 
can be used as an anchorage for a stronger guy unit if the 
existing slewing guys are not strong enough for a Union Pur- 
chase rig. This extra strong guy unit could comprise a length 
of steel wire either terminating in a long link chain or fitted 
with special clips to facilitate easy adjustment. Narrow angles 
between the boom and the guy and between the guy and the 
vertical should be avoided as this would increase the loading 
on the guy. 

Some idea of the increased load on the derrick boom can 
be obtained if it is assumed that the included angle between 
the runners is 90° and the guy is in the same plane as the 
runner. In such a case the load on the guy is approximately 
1-6 times the weight of the load. The guy and the runner pull 
down together on the head of the boom to produce the same 
compression on the boom as would a load of 2°1 times the 
load being lifted on a swinging boom. An increase in the 
runner angle would, of course, increase this compression. 

From the foregoing, justification can therefore be seen for 
the rough rule that the load to be handled in Union Purchase 
should not exceed one-half and whenever possible one-third 
of the safe working load of the derrick with the smaller 
capacity. 


SLEWING GUY UNITS 


It is difficult to calculate with any degree of accuracy the 
the exact loading on slewing guy units for single slewing 
derricks, i.e. on guy pendants, slewing guy blocks and falls, 
shackles, etc. It is recommended, however, that they should 
be in accordance with Table 2 for a derrick of given capacity 
provided that they are increased in strength in particular cir- 
cumstances, e.g. when the L/H ratio is high or when the ship 
has a list. As in the case of Union Purchase rigs the placing 
of guys on single slewed derricks is important. They should 
be so placed that the maximum lateral pull is brought to bear 
on the derrick. 
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TABLE 


work ing load 
of derrick 


Sate Safe working load 


of slewing guy unit 


Tons Tons 
| 1 
14 1 
2 14 
24 13 
3 2 
34 24 
4 24 
43 23 
5 3 
6 34 
7 to 9 34 
10 to 12 33 
13 to 15 4 
16 and over 25 per cent of the 


S.W.L. of the derrick 


WIRE ROPES 


TYPES AND CONSTRUCTION 

There are many different types of wire rope used for require- 
ments on cranes, lifts and hoists, earth-moving machinery, 
colliery winding and haulage, oil wells, and for marine pur- 
all these ropes have properties peculiar to their service 
use. Although certain ropes are generally used for cargo gear, 
others are sometimes used as an alternative, therefore it should 
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Wires in strand spiral to lefc Wires in strand spiral to right 
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Direction of Lay 


Wires in strand spiral to right 


be of interest to discuss the various types of rope and their 
construction. 

Ropes of ordinary lay (sometimes termed “regular lay”) 
are so constructed that the direction of twist of the wires in 
the strand is opposite to that of the strands in the rope; while 
ropes of Langs lay are so constructed that the direction of 
twist of the wires in the strand is the same as that of the 
strands in the rope. The direction of the lay of a rope can 
be either right hand or left hand (see Fig. 7). 

It is not likely that Langs lay rope will be encountered as it 
should only be used where the ends of the rope and the load 
are secured against rotation, otherwise it has a tendency to 
unwind itself when under load. When used under the correct 
conditions, however, it has a greater resistance to wear than 
ordinary lay and is slightly more flexible. 

Up to fairly recently the usual formation of the strand had 
been to use wires all of the same diameter, except the king 
or centre wire, and in the stranding operation to provide each 
covering layer with a longer lay (or pitch) than the under- 
laying layer of wires. Therefore the wires in a covering layer, 
although spiralling in the same direction as the wires in the 
underlaying layer, will repeatedly cross over the inner wires. 
This gave rise to the term “Cross Laid” (see Fig. 8(a)). 

During recent years, the use of “Equal Laid” or “Parallel 
Laid” ropes has increased considerably. The general principle, 
to which there are slight modifications, is to make each cover- 
ing layer of wires of the same length of lay as the underlaying 
thereby eliminating any crossing of the Wires in the strand. 

Ropes made on this principle were first confined to strands 
which consisted of two layers of wires over a centre wire and 
years of experience have shown their superiority in many 
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Details of the lay of wire rope. 
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(b) Seale strand 
formation (9/9/1) 


(a) Cross laid 
(6 x 37) 


(d) Warrington strand 
formation (6 & 6/6/1) 


(c) Filler strand 
formation (12/6+6F/ 1) 


Fic. 8 


forms of rope usage when compared with the “Cross Laid” 
form of stranding. 

The majority of ropes which will be encountered for use 
with cargo gear will be of the “Cross Laid” type but occasion- 
ally “Equal Laid” ropes will be met with. There are a number 
of types of these latter ropes, three of these are “Seale”, 
“Filler” and “Warrington”. The strands of these ropes are 
laid up as follows and typical lay-ups are shown in Figs. 8(b), 
(c) and (d). 

Seale: A number of wires, say 9, are laid over a king wire. 
A similar number of larger wires are laid over these inners, 
to a length of lay exactly similar to that of the inner wires. 
Each outer wire beds in the valley, formed by two of the inner 
wires. 

Filler: A number of wires, say 6, are laid over a king wire. 
In the valleys formed, are laid 6 filler wires of a much smaller 
size, thus presenting double the number of valleys, say 12. 
The outer wires, say 12, are laid in these valleys, and the 
length of lay of the outers will be the same as that of the inner 
wires. 


Warrington: A number of wires, say 6, are laid over a 
king wire. A similar number of pairs, i.e. a large and a small 
wire, are laid over these inners, and to a length of lay exactly 
similar to that of the inner wires. Each large outer wire beds 
in the valley formed by two of the inner wires, and each small 
outer wire rests on the crown of the underlaying wire. 

These types of rope may be described by typical examples: 


Seale 6 x 19 (9/9/1) 
Filler 6x19 (12/6+6F/1) 
Warrington 6x 19 (6 and 6/6/1) 


In this method of rope description, it will be seen that the 
multiplication sign x is used after the number of strands, 
the oblique sign / is used to denote a layer of wires, and when 
differing sizes of Wire are used in the same layer the number 
of each size is stated. For the Warrington, with its layers of 
pairs of large and small wires, the numbers are separated by 
the word “and”. For the filler wire the numbers are separated 
by the plus sign and the letter F is placed after the number of 
filler wires. 


TABLE 3 


Type and Nominal Breaking Strength 85/95 tons/sq. in. wire 


Circumference Approx. Diam. 


6x19 


6x3 


Tons - 
Inch Inch (2240 Ibs) kg. 


Tons 
(2240 Ibs) 


Tons 
(2240 Ibs) 
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When the required breaking load is not obtainable from the ropes covered by 
e.g. 100/110 tons/sq. in. (160/175 kg./sq. mm.) and 110/120 tons/sq. in. (175/190 
these ropes. 


TABLE 4 


Diameter 


Table 3, ropes of a higher tensile strength can be used, 
kg./sq. mm.). Table 4 gives nominal breaking strengths of 


Type and Nominal Breaking Strength 


x 19 6x24 


100/110 tons/sq. in. 110/120 tons/sq. in. 100/110 tons/sq. in. 
160/175 kg/sq. mm. 175/190 kg/sq. mm. 160/175 kg/sq. mm. 


110/120 tons/sq. in. 100/110 tons/sa. in. 110/120 tons/sq. in. 


175/190 kg/sq. mm. 160/175 kg/sq. mm. 175/190 kg/sq. mm. 


Tons ke. Tons 


Tons 
(2240 Ibs) 


k Tons 
(2240 Ibs.) 8. (2240 Ibs.) ; | (2240 Ibs.) : (2240 Ibs.) | 


Tons 


Tons 
(2240 Ibs.) kg. 
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Ropes Usep 


Ropes normally used for cargo gear are cross laid 6 x 19, 
6x24 and 6x37 construction, where the ultimate tensile 
strength of the individual wires is 85/95 tons/sq. in. (135/150 
kg./sq. mm.). Nominal breaking strengths of these ropes are 
given in Table 3. These values may vary slightly for different 
manufacturers but the important thing is that the breaking 
strength confirmed by test is to be used when deciding on the 
size of rope to be used. 


GALVANISING 

For derricks in regular use when rigging is exposed to the 
weather, wires should be galvanised by an approved method 
such as Type A-B.S.443 (Ref. 8). In the case of heavy lift 
derricks when wire ropes are normally reeled up, a protection 
dressing applied, and kept in cover when not in use, the 
method of galvanising should also be approved but the 
requirements will not be so stringent. An acceptable method 
would be Type Z—B.S.2763 (Ref. 9). 


INDIVIDUAL ITEMS OF GEAR 


As stated earlier, recognised national standards will be 
accepted for all individual items of cargo gear. The following 
notes are intended to give some’ guidance in accepting items 
which may not conform to any of these standards, but it is 
emphasised that it may not be possible to be rigid in their 
application, as even the recognised standards vary somewhat 
in acceptable stresses. 


CarGO-LIFTING BLOCKS 

B.S.408 (Ref. 10) is a good basis on which to consider the 
scantlings of blocks. ‘This standard is in the course of revision 
and the new edition should be available soon if it has not 
already been published when this paper is printed. 


Hooks, RINGS, SHACKLES, CHAINS, ETC. 

There are, of course, separate British Standards for these 
items but a good summary of their accepted proportions and 
strength is given in “The use of chains and other lifting gear” 
(Ref. 11). 


CONCLUSION 


Looking back on what has been written, the Author is aware 
that the term “‘cargo-handling gear” covers a greater variety 
of items than those which have been discussed. Other aspects 
such as type of winch, conveyor belts, cranes, special types of 
derrick, the design of masts, derrick posts, outriggers, derrick 
footsteps and trunnions, etc., have not been considered, but 
to cover all these items would have increased the paper to 
abnormal proportions. 
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If colleagues confronted with problems connected with 
cargo gear inspections have been able to obtain a _ better 
understanding of the various requirements, by reading this 
paper in conjunction with the publications referred to, then 
its object will have been achieved. 

Looking to the future, it would appear that ships’ cargo- 
handling arrangements must change radically during the next 
few decades in order to keep pace with developments in 
packaging and the need to speed up loading and discharging. 
Masts and derricks will no doubt disappear eventually but 
they will be fitted on ships for some considerable time yet, 
particularly the very heavy lift derricks. 

Finally, the Author wishes to express his appreciation of 
the advice and assistance given by Mr. J. B. Davies, B.Sc., and 
colleagues of the Ship Research Department during the 
preparation of this paper. Thanks are also due to our tech- 
nical illustrator for the able way in which he has drawn the 
illustrations. 
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APPENDIX I 


The following examples illustrate the three most commonly 
used methods of calculating rope friction coefficients. For 
the purpose of comparison the percentages chosen are such 
that approximately the same friction coefficients are obtained 
by each method. 


MetTHop |—Percentage applied by Simple Addition to the 


Average Rope Tension of N°: 
Data: 
Five parts of rope in purchase (N=5). 
Arbitrary allowance for frictional resistance of 5 per cent 
per sheave. 


: , torr 1 
Rope tension neglecting friction= 5 P=0:20 P 


Rope tension at P. (hoisting) 
=0-20 P+(5 sheaves x 5 per cent). 
=0:20 P+25 per cent 0°25 P 


MetHop 2.—Accumulative Percentage applied to the Average 


Rope Tension of N° 
Data: 
Five parts of rope in purchase (N=5). 


Arbitrary allowance for frictional resistance of 4} per 
cent per sheave. 


; : ae I 
Rope tension neglecting friction= ¢ P=0:20 P. 


Tension in rope leaving Ist sheave=*200 P+4+4 per cent. 
=-200 P x 1:0425=:208 P 

Tension in rope leaving 2nd sheave= 
-208 P x 1:0425=:217 P 

Tension in rope leaving 3rd sheave= 
*217 P x 1:0425=-227 P 

Tension in rope leaving 4th sheave= 
*227 P x 1:0425=-236 P 


Tension in rope leaving 5th sheave = 
+236 P x 1:0425=-246 P 


Rope tension P, (hoisting) =0°246 P 
By this method the rope tensions sum up to (-200 P at 
becket+:208 P+°217 P+:°‘227 P+:236 P) 1:088 P which 
cannot occur in practice. 


Pp 


METHOD 3.—Accumulative Percentage applied on the basis 
that the sum of the rope tensions in any pur- 
chase equals the load P, held by that purchase. 

Data: 
Five parts of rope in purchase (N=5). 
Arbitrary allowance for frictional resistance of 8 per cent 
per sheave accumulative. 


Rope tensions when hoisting on 5 parts of rope (8 percent per sheave, accumulative). 


Rope Arbitrary numerical values represent- 
Position ing the distribution of loading on 
the individual parts of rope in the 
purchase. 
1 (Po ) 10000 
2 10000 x 1-08 =1 -0800 
= 10800 « 1-08 =1- 1664 
4 1-1664 x 1-08 =1-2597 
5 (Pi) 1-2597 x 1-08 =1 -3605 
P=5-8666 


Rope Tensions in 
terms of load, P, 
on the fall. 


Values in Col. 2 divi- 

ded by 5-8666 so 

that the load P is 

made equal to unity. 
-1705 Py =-1705 P 

“1841 

-1988 

-2147 


-2319 P, =-2319 P 


P=1-0000 


Rope tension at P. (hoisting) =(-2319 x 1-08) P=-2505 P. 


APPENDIX II 


The following is an example of the method of calculation 
used to obtain the resultant loads on cargo blocks. The 
example corresponds to the graphical method shown in Fig. 1. 
The results obtained graphically are shown in brackets. 


Data: 1 =1°48; a =30° ; P=8 tons (S.W.L.) ; 
V=8:60 tons; 8 per cent accumulative friction 
Derrick HEAD SPAN CONNECTION 


P span ae xV 


H 
S 
H (Table 12:2 Ref. 6)=1°3054 


. P span =1°3054 x 8°6= 11-23 tons (11°23) 


Mast Heap SPAN CONNECTION 
With reference to Fig. 3 R=P\/k?+2k cos 9 +1 
P=11-23 ; k=-302 (Appendix 2 Ref. 6. P, when N= 4); 
Q=78:5° (Table 12:7 Ref. 6) 


.. R=11°23V :302?+ -604 x -1994+1 
= 12°36 tons (12°40) 


Upper CarGO PURCHASE BLOCK 
P+P,=8+(8 x -302)=10-42 tons (9°43) 

It will be noted that the resultant load obtained graphically 
differs considerably from that calculated. The calculated value, 
however, is the maximum resultant load when the derrick is 
vertical; the strength of the block should be based on this 
value. 

Lower CarRGO PURCHASE BLOCK 
P=sWL=8 tons 
Derrick HEEL LEAD BLOCK 
R=P,\/k?+2k cos 9 +1 
P.,=2°42 tons k=1-:08 § =109° (measured) 
R=2°42\/ 1:08?+2°16 x —:3256+1 
=2-93 tons (2°94) 


APPENDIX III 


This example shows the method of calculation of a derrick 
boom. It is a full calculation which can be considerably 
reduced if the tables and curves given in section 13 Ref. 6 
are used. 


Considering the derrick boom shown in Fig. 1. 


Data: 


Material—Mild Steel; L=53 ft.; dia.=14 in.; thick- 
ness=¢# in.; 


P=8 tons; V=8-6 tons; P, (tension in cargo 
runner hoisting)=2°42 tons ; 

- =1:48 

H 


A 
T (axial thrust) = Victele 


=1°48 x 8-6+2°42=15-15 tons 


Axial Crippling Stress= 
4[(Py+(1+ )Pe)— Vv (Py+(1+2)Pe) +4PyPe)] 
where Py=15 tons/sq. in. 


! 53 


ko 4819 12 


% =-003 ; =-°003 x 132= +396 


E= 13,000 tons/sq. in. 
er wE _ 3-142? x 13,000 
(1/k)? 132? 
“, ACS.=4[(15+(1°396) 7°37)— 
V (15 +(1:396) 7°37)?—4 x 15. x.7°37] 


= 5:62 tons/sq. in. 


=7°37 tons/sq. in. 


Axial Crippling load=5-62 x 16°05 tons 


Axial Crippling Load _ 5°62 x 16°05 _ 


Axial Thrust 15-15 Ae 


Load factor= 


Required load factor=S. 


*, considering axial loading only the derrick scantlings are 

acceptable. 

Considering now bending stresses in the boom. Assuming 
the minimum and maximum working angles to be 30° and 
60° respectively to the horizontal. 

By calculation : — 

Resultant on Span=11°23 tons at 30°; 6°79 tons at 60°. 
Resultant on cargo block =9°43 tons at 30°; 10°10 tons 


at 60° 
Approximate weight of derrick boom=1 ton. 
At 30°:— 
5 
Weight BM.=1%53% 12 cag 390 = 68°85 in. tons 


8 


End B.M.=(11-23 cos 42°)12— 


(9-43 cos 47°)12 -22-92 in. tons 
=M 91-77 in. tons 
At 60° :— 
: 1epehe ah Be =. 
Weight B.M.= c 8 . cos 60° = 39°75 in. tons 


End B.M.=(6°79 cos 39°)12— 
(10°10 cos 23°)12 = — 48-12 in. tons 


=M — 8-37 in. tons 
aM! | 91°77 


Taking the maximum Mase Th = 33-76 


=1-72 tons/sq. in. 


Limiting value of the applied bending stress for derricks of 
10 tons and less safe working load. 


P 
=| (1-5 f, +1°5 fa % sec OD) 6 


: l 
where @ =0-2513V1-5 fa)? N=34 


_ 15°15 


MATES 


="94 tons/sq. in. 


8 =0°2513V/1-5 x9°4 132 =39-38° 


limiting bending stress= 


[5 — (1:5 x -9441°5 x +94 x +396 x 1-2935) | 7746 


= 1:67 tons/sq. in. 


The actual stress is only slightly higher that this value and 
as the N value is empirical it may be accepted. 

Where the actual stress is considerably higher than the 
limiting stress the modulus of the boom may require to be 
increased. Alternative, a higher tensile steel may be specified. 

In the case of an existing boom the limiting bending stress 
may be modified by reducing the N value to 3. 
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APPENDIX IV 


Form No, C.G.2 


This form is based on the standard international form of 
certificate approved by the International Labour Office for the 


test and examination of winches, derricks, and their accessory 
gear, used in the loading and unloading of ships. 
Test Certificate No. 


LLOYD'S REGISTER OF SHIPPING 


CERTIFICATE OF TEST AND EXAMINATION OF WINCHES, DERRICKS AND ACCESSORY GEAR, 
BEFORE BEING TAKEN INTO USE 


Name of ship on which machinery is fitted 


Name and address of owner. 


Port of registry. 


H (2) QB) @ 
ore load | Safe working load 
i, ti ‘, inguishi horizontal of Proof loa fe working loa 
Situation and description of machinery and gear, with distinguishing number cance boom ‘applied at the angle 
while the loat shown in 
or mark (if any) __| "was applied Column 2 


(Degrees) | (Tons) (Tons) 


-_—_oee ee ee ee Eee 


(5) Name and address of public service, association, Lloyd's Register of Shipping 
company or firm making the test and examination. -. ace 


(6) Position of signatory in public service, associa- Surveyor 
tion, company or firm. ‘ reompie 


I certify that on the day of 549. , the above machinery 
together with its accessory gear, was tested by a competent person in the manner set forth on the reverse side of this 
certificate; that a careful examination of the said machinery and gear by a competent person after the test showed that 
it had withstood the proof load without injury or permanent deformation; and that the safe working load of the said 
machinery and gear is as shown in Column 4. 


(Signature) ‘ (Date). = Solioeciopeite 


Port 


Nort.—For definition of “competent person” see reverse side, 


Form No. C.G.2 


INSTRUCTIONS 


Every winch with the whole of the gear accessory thereto (including derricks, goose-necks, eye plates, eye bolts, 
or other attachments) shall be tested with a proof load which shal! exceed the safe working lee follows :— 


Sare_WorkinG Loap Proor Loap 

Up to 20 tons - 25 per cent in excess 
20-50 tons - 5 tons in excess 
Over 50 tons ~_— 10 per cent in excess 


The proof load shall be lifted with the ship's normal tackle with the derrick at an angle, which should not be 
more than 15 degrees to the horizontal, or, when this is impracticable, at the lowest practicable angle. The angle at 
which the test was made should be stated in the certificate of test, After the proof load has been lifted, it should be 
swung as far as possible in both directions. 


As a general rule, all tests should be carried out in this way by dead load, and no exception should be allowed 
in the case of gear on new ships. In the case of replacements or renewals, however, spring or hydraulic balances 
may be used where dead loads are not available. Where a spring or hydraulic balance is used it should be reliable 
and accurate, and the test should not be regarded as satisfactory unless the indicator remains constant for a period of 
at least five minutes, 


After being tested as aforesaid, all lifting machinery, with the whole of the geur accessory thereto, shall be 
examined to see whether any part has been injured or permanently deformed by the test. 


The safe working load shown in column 4 is applicable only to a swinging derrick. When using fixed derricks, 
such as “union purchase” rigs, the safe working load should as a general rule be reduced; in any case, it should 
be determined with due regard to the actual conditions of use. 


In the case of heavy derricks, care should be taken that the appropriate shrouds and slays are rigged. 


Note: The expression “ton” means a ton of 1,000 kg or 2,200 Ib. 


“Competent person” means a person acceptable as such to this Society and also to the National Authority in 
the country of registration. 


nN 


This form is based on the standard international form of Form No. C.G.3 


certificate approved by the International Labour Office for the 


test and examination of cranes or hoists, and their accessory 
gear, used in the loading and unloading of ships. 


LLOYD’S REGISTER OF SHIPPING 


CERTIFICATE OF TEST AND EXAMINATION OF CRANES OR HOISTS, AND THEIR ACCESSORY GEAR, 
BEFORE BEING TAKEN INTO USE 


Name of ship on which machinery is fitted 
Name and address of owner 


Port of registry 


a) Q) 3) cy 
Situation and description of crane or hoist, with distinguishing number For jib cranes, | Proof load | Safe working load 
‘or mark (if any) | radius at which | applied | (for jib cranes at 
| the proof load | radius shown in 
a =". x 2 x was applied Column 2) 
(Feet) (Tons) (Tons) 


| 
| 
| 


(5) Name and address of public service, association, 


; Lloyd's Register of Shipping 
company or firm making the test and examination. F 


(6) Position of signatory in public service, associa- 
tion, company or firm. Surveyor 


I certify that on the day of. 19 , the above machinery, 
together with its accessory gear, was tested by a competent person in the manner set forth on the reverse side of this 
certificate; that a careful examination of the said machinery and gear by a competent person after the test showed that 
it had withstood the proof load without injury or permanent deformation; and that the safe working load of the said 
machinery and gear is as shown in Column 4. 


(Signature) (Date) 
Port... 


Nore.—For definition of “competent person” see reverse side. 


Form No. C.G.3 


INSTRUCTIONS 


Every crane and other hoisting machine, with its accessory gear, shall be tested with a proof load, which shail 


exceed the safe working load as follows :— 
Sare Workin LOAD 


Up to 20 tons 
20-50 tons 
Over 50 tons 


Proor LoaD 


— 25 per cent in excess 
_ 5 tons in excess 
_ 10 per cent in excess 


The proof load shall be lifted and swung as far as possible in both directions. If the jib of the crane has a 
variable radius, it should be tested with a proof load, as defined above, at the maximum and minimum radii of the 
jib. In hydraulic cranes where, owing to the limitation of pressure, it is impossible to lift a load 25 per cent in 
excess of the safe working load, it will be sufficient to lift the greatest possible load. 


After being tested, each crane or hoist, with the whole of the gear accessory thereto, shall be examined to see 
whether any part has been injured or permanently deformed by the test. 


Note: The expression “ton” means a ton of 1,000 kg or 2,200 Ib. 


“Competent person” means a person acceptable as such to this Society and also to the National Authority in 


the country of registration. 


Form No, C.G.4 


This form is based on the standard international form of 
certificate approved by the International Labour Office for the 


Test Certificate No. 


LLOYD’S REGISTER OF SHIPPING 


CERTIFICATE OF TEST AND EXAMINATION OF CHAINS, RINGS, HOOKS, SHACKLES, SWIVELS AND 
PULLEY BLOCKS, BEFORE BEING TAKEN INTO USE, AND OF SUCH GEAR 
AFTER IT HAS BEEN LENGTHENED, ALTERED OR REPAIRED 


Name of ship on which machinery is fitted 


Name and address of owner 


Port of registry. 


a | Q 5) @) (S) (6) 
Distinguishing number Description of gear* ‘Number Date of Proof load | Safe working 
‘or mark tested | test applied load 
—_—— ——— —— —+. (= + 
(Tons) (Tons) 


*The dimensions of the gear, the type of material of which it is made and, where applicable, the heat treatment received in manufacture should be 
stated (unless Form No. C.G.6 is used for the purpose), 


(7) Name and address of makers or suppliers, 


(8) Name and address of public service, 
association, company or firm making the test 
and examination, 


(9) Position and signature of competent . és Bar ee 
person in public service, association, com- 
pany or firm. P pies 


I certify that on the. day of. i 5 roe, » the above gear was 
tested and examined by a competent person in the manner set forth on the reverse side of this certificate; that the 
examination showed that the gear withstood the proof load without injury or deformation; and that the safe working 
load on this gear is as shown in Column 6. 


(Signature) (Date) 


Surveyor to Lioyd’s Register of Shipping 
Port 


Nore.—For definition of “competent person” see reverse side. 


INSTRUCTIONS 


Chains, rings, shackles and other loose gear (whether accessory to a machine or not) shall be tested with a proof 
load equal to that shown against the article in the following table:— 


ARTICLE OF GEAR Proor_Loap 
Chain, ring, hook, shackle or swivel. inicio: mn * TOD Peres in excess of the safe working 
joad. 
Pulley blocks— 
Single sheave block one Seay. aoe pe in excess of the safe working 
joad. 
aeslDle sheave block with safe load up to and including — 100 ad cent in excess of the safe working 
tons ean joad. 
Multiple sheave block with safe load over 20 tonsuptoand -— 20 tons in excess of the safe working 
including 40 tons........ - emaeenrie Yat amet Joad. 
Multiple sheave block with safe load over 40 toms... = 50 et in in excess of the safe working 
joa 
Pitched chains used with hand-operated pulley blocks and rings, — 50 per cent in excess of the safe working 
hooks, shackles or swivels permanently attached thereto. load. 
Hand-operated pulley blocks used with pitched chains and rings, — 50 per cent inexcess of the safe working 
hooks, shackles or swivels permanently attached thereto. ‘ load. 


After being tested, all the gear shall be examined, the sheaves and the pins of the pulley blocks being removed 
for the purpose, to see whether any part has been injured or permanently deformed by the test. 


Note: The expression ‘ton’ means a ton of 1,000 kg or 2,200 Ib. 


“Competent person” means a person acceptable as such to this Society and also to the National Authority in 
the country of registration. 


Form No. C.G.4 


i) 
WA 


This form ts based on she standard international form of Form No. C.G.5 


certificate approved by the International Labour Office for 


the test and examination of wire ropes used in the loading 
and unloading of ships. 


LLOYD’S REGISTER OF SHIPPING 


CERTIFICATE OF EXAMINATION AND TEST OF WIRE ROPE BEFORE BEING TAKEN 
INTO USE 


Name of ship on which wire rope is fitted 
Name and address of owner. 


Port of registry 


Name and address of maker or supplier of rope. 


*Diameter | os 
*Circumference § of rope in inches. 


Number of strands 
Number of wires per strand 
Lay 


Quality of wire (e.g. best aE! 
steel) 


Date of test of sample of rope 


Load at which sample broke 


Safe poor load, subject to any 
stated qualifying ‘conditions, such 
as minimum pulley Se 
direct tensile load, etc, 


Name and address of public service, association, company 
or firm making the examination and test. . 


Position and signature of competent person, in public 
service, association, company or firm making the 
examination and test. - 


T certify that the above particulars are correct, and that the examination and test was carried out by a competent 
person, 


(Signature)... (Date). 


“Surveyor to Lloyd's Register of Shipping 
Port 


INSTRUCTIONS 


Wire rope shall be tested by sample, a piece being tested to destruction, and the safe working load shall not exceed 
one-fifth of the breaking load of the sample tested. 


“Competent person” means a person acceptable as such to this Society and also to the National Authority in the 
country aor registration, 


*Delete which does not apply. 


Form No. C.G.5 


 C.G.6 
This form is based on the standard international form of Fen Ma Ce, 
certificate approved by the International Labour Office for the 
test and examination of lifiing machinery and gear used in 
the loading and unloading of ships. 


‘Test Certificate No. 


LLOYD’S REGISTER OF SHIPPING 


CERTIFICATE OF HEAT TREATMENT OF CHAINS, RINGS, HOOKS, SHACKLES AND SWIVELS WHICH 
REQUIRE SUCH TREATMENT 


Name of ship on which gear is fitted. 


Name and address of owner 


Port of registry 


Se a SOC ET Tees @ ge Dn dr CDS fr CO Fro 
| 
Distinguishing Description of gear* Number of Number | Date of Nature of heat Defects found 
number or mark — certificate of test heat treated heat treatment treatment given at inspection 


and examination. | after heat 
| treatment 


*The dimensions of the gear, the type of material of which it is made, and the heat treatment received in manufacture should be stated. 


(8) Name and address of public service association, 
company or firm carrying out the heat treatment 
and inspection. 


(9) Position and signature of competent person in 
public service, association, company or firm. 


I certify that on the date shown in Column 5 the gear described in Columns | to 4 was effectually heat treated under 
my supervision, that after being so heat treated every article was Seeny inspected, and that no defects affecting its 
safe working condition were found other than those indicated in Column 7. 


(Signature) (Date) 
Surveyor to Lioyd’s Register of Shipping 


Port 


Nove.—The person under whose supervision the heat treatment is done must be a “competent person" as provided for in the Regulations. 


For requirements as to heat treatment and definition of “competent person”, see reverse side. 


INSTRUCTIONS 


Chains (other than bridle chains attached to derricks or masts), rings, hooks, shackles and swivels made of 
wrought iron, used in hoisting or lowering, shall be heat treated at the following intervals :— 


Half-inch (12.5 mm) and smaller chains, rings, hooks, shackles and swivels 
in general use. 


All other chains, rings, shackles and swivels in general use. 


Chains, rings, hooks and swivels made of material other than wrought iron may require to be heat treated 
in accordance with the approved procedure. See also notes on the back of Form C.G. 7, 


(1) Heat treatment of wrought-iron gear should consist of heating the gear uniformly in a suitably constructed 
muffie furnace until the whole of the metal has attained a temperature between 1,100°F. (600°C.) and 1,200°F. 
(650°C.), then withdrawing the gear from the furnace and allowing it to cool uniformly in still air. 


(2) If the past history of wrought-iron gear is not known or if it is suspected that the gear has been heat-treated 
at an incorrect temperature, before putting it to work it should be given normalising treatment (1,750°F, ~ 1,830°F. 
or 950°C, = 1,000°C.) followed by uniform cooling in still air, precautions being taken during the heat treatment to 
prevent excessive scaling. 


(3) (a) Sling assemblies should be made of materials having similar properties. 
(b) When, however, the assembly has some components of wrought-iron and others of mild steel (e.g. mild 
steel hooks permanently connected to wrought-iron chains) it should be normalised at a temperature between 
1,700°F. and 1,750°F. (920°C, and 950°C.), removed from the furnace and cooled uniformly in still air, 


Note: “Competent person” means a person acceptable as such to this Society and also to the National Authority 
in the country of registration. 


Form No. C.G.6 


LZ 


Form No. C.G.7 
This form is based on the standard international form of 
certificate approved by the International Labour Office for the 
test and examination of lifting machinery and gear used in 

the loading and unloading of ships. 


Test Certificate No. 


LLOYD’S REGISTER OF SHIPPING 


CERTIFICATE OF ANNUAL THOROUGH EXAMINATION OF GEAR WHICH DOES NOT REQUIRE TO 
BE PERIODICALLY HEAT TREATED 


Name of ship on which gear is fitted 


Name and address of owner 


Port of registry. 


ay (2) Q) (4) 
Distinguishing BN oeeet ay 
Number or Description of gear examined* gral | Remarks 
Mark examination 


*The dimensions of the gear, the type of material of which it is made, and the heat treatment received in manufacture should be stated. 


(5) Name and address of public service, association, 
company or firm making the examination. 


(6) Position and signature of competent person in 
public service, association, company or firm, 


I certify that on the day of ae, , the above gear was 
thoroughly examined by a competent person, and that no defects affecting its safe working condition were found other 
than those indicated in Column 4. 


(Signature) visiven Dt). 
Surveyor to Lloyd's Register of Shipping 


Port 


Notes.—This certificate is optional. The above particulars may be entered in Part III of the Register. 
For list of gear not required to be heat-treated and definition of “thorough examination,” see reverse side, 


Form No. C.G. 


INSTRUCTIONS 
Gear not required to be heat treated, but required to be thoroughly examined by a competent person once at least 
in every twelve months :-— 
Plate link chains 
Pitched chains 


Rings, Met sd shackles and swivels permanently attached to pitched chains, pulley blocks or weighing 
machines 


Hooks and swivels having screw-threaded parts, ball-bearings or other case-hardened parts 
Bordeaux connections 
Chains made of malleable cast iron, and chains, tings, hooks, shackles and swivels made of steel 


Other gear exempted by this Society as follows: 


Note: “Thorough examination” means a visual examination, supplemented if necessary by other means 
such as a hammer test, carried Out as carefully as conditions permit in order to arrive at a reliable conclusion as 
to the safety of the parts examined; if necessary for the Purpose, parts of the machine or gear must be dismantled. 


Note: “Competent Person" means a person acceptable as such to this Society and also to the National 
Authority in the country of registration, 


FORM C.G, 10 RECEIVED LONDON 


SHIP 


ADVICE OF INSPECTION AND/OR TESTING OF 


DEPT. 


Ship’s Name 


Port of 
Registry 


Fees 


CARGO GEAR 
Gross Tons 
Port of Rpt. No. 
Survey 
Expenses 
Survey Carried Out: Tnitial 
[] Annual 
fas Quadrennial 


Code No. of Forms Issued: 


| Parts of Cargo Gear Register Endorsed: 


Date Forms Issued or Register Endorsed: 


Surveyor to Lloyd's Register of Shipping 


Form No. C.G.10 
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Discussion 
on 


Mr. L. Beckwith’s Paper 


SHIPS’ CARGO-HANDLING GEAR 


LLOYD’S REGISTER OF SHIPPING 


TAL Fenchurch Street, LONDON, E.C.3 


The Author of this paper retains the right of subsequent 
publication, subject to the sanction of the Committee 
of Lloyd's Register of Shipping. Any opinions expressed 
and statements made in this paper and in the subsequent 


discussion are those of the individuals. 


Discussion on Mr. L. Beckwith’s Paper 


Ships’ Cargo-Handling Gear 


Mr. J. B. DAVIES 


As the Author mentions, the Society has for a long time 
examined plans of cargo gear when specially requested, but 
during recent years the amount of work involved has 
increased very considerably as have the requests for Sur- 
veyors to witness the tests and countersign the certificates. 
This work may crop up in any port in the world, and possibly 
at very short notice, so Mr. Beckwith’s paper will, I am sure, 
be most useful to those whose last contact with cargo gear 
calculations may have been many years ago. 

Both the British Dock Regulations and I.L.O. Code 
contain specific requirements for testing the individual items 
and the complete equipment “as rigged” but the actual 
scantlings are not otherwise specified. The British Form 99 
contains “recommended” factors of safety, but these are not 
really a great help since no indication is given as to how 
detailed a calculation is to be made to obtain the forces to 
which these factors have to be applied. Obviously a factor 
which is suitable for use with forces obtained by a simple 
calculation would be unnecessarily high if a very detailed 
calculation for the same item gave a substantially higher 
force. There are several points of this nature which require 
clarification, and it is intended to deal with these in the Code 
of Practice referred to in the italic note at the head of the 
paper. Other items which may well be amended as a result 
of the comparison between the various national rules or prac- 
tices are the factors of safety for wire ropes and the angles 
at which the derricks are to be tested. 

The Author rightly issues a warning, at the bottom of page 
9 and top of page 11, of the risks involved in proof testing a 
derrick without previous checking that the various blocks, 
shackles, etc., have the requisite S.W.L. for their position in 
the rig. Rigging a block in the wrong position may well mean 
that it will be subjected to a much greater load than that for 
which it was designed. 

The S.W.L. to be stamped on a single sheave block 
probably causes more confusion than any other cargo gear 
problem, and Fig. 6 should go a long way towards clarifying 
the matter. 


Mr. O. M. CLEMMETSEN 


Mr. Beckwith has given us a very interesting paper which, 
besides being extremely useful when approving cargo gear 
plans will, I hope, obviate the necessity for lengthy explana- 
tions of amendments when returning plans to outports. One 
particularly oft repeated explanation is the reason for mark- 
ing a single sheave block with a S.W.L. of half that which it 
can actually lift safely (page 9). 

As stated in the paper, the Society has always been pre- 
pared to examine cargo gear when requested, and in the past 
two or three years plans of cargo gear for many more new 
ships than formerly, besides alterations to the cargo gear on 
a number of existing ships, have been examined. These ranged 
over all nationalities, but included few British-built ships. 

In this country shipbuilders themselves, coming as they do, 
within the meaning of “competent persons”, have usually 


signed the cargo gear register and similar practices have 
existed abroad. It speaks well therefore of the Society’s 
reputation with the various national bodies who require this 
certification that requests for the Society’s services in this 
field are increasing. 

It may be of interest to quote a rather extreme case which 
demonstrates the pitfalls which can occur in making altera- 
tion to an existing ship when the work is being carried out by 
somewhat inexperienced hands. The ship in question had the 
scantlings of new derrick posts, standing and running rigging, 
etc., initially approved from information given in lengthy 
telexes. Subsequently, a plan was supplied to the Surveyor 
which was supposed to represent the system as fitted and 
approved, but when he checked the scantlings on the ship 
they bore little resemblance to the plan. As the ship was 
about to depart, he wisely took the step of approving the 
system for only about half the originally desired S.W.L. pend- 
ing further examination of the actual scantlings. The Society 
was, in fact, not prepared to increase the S.W.L. to that which 
the gear could theoretically stand due to the use of 6 x 7 
wire for the running rigging, as this is really only suitable 
for standing rigging and could be expected to have a very 
short life when used in running rigging. 

I note from the various regulations that all parts are to be 
re-examined after a test, which is of course a necessary pre- 
caution, but I wonder whether the Surveyors themselves do 
in practice examine blocks and fittings at the mast head. I 
understand that the existing practice with standing rigging 
at Special Surveys is for the various mast head attachments 
to be examined by a rigger, who signs an appropriate form. 
Would this practice be satisfactory for certain items of cargo 
gear? 

Winches are sometimes not of sufficient capacity to lift the 
test load. It is then permissible to use another winch to give 
a “helping hand”. If this proves impracticable, it may in 
certain cases be possible to fit a double purchase on the cargo 
wire in place of a single whip, provided means are available 
of separately testing the various derrick fittings which have 
thus been relieved of their full load. 

Plans have recently been received in which duplicate 
derrick guys port and starboard have been proposed, each of 
which was designed to take half the required load. As it does 
not seem possible in practice to ensure that each guy does, 
in fact, carry half the load, this arrangement was not 
accepted. 

Similarly, the practice of using a tackle for the cargo runner 
with union purchase is not recommended and, before the 
Society is prepared to issue certificates which cover this mode 
of operation, a practical test must show that there is no 
danger of the blocks tripping and also that the wires do not 
chafe on the block cheek plates throughout the working range 
with and without loads. 


Mr. A. K. BUCKLE 
In dealing with cargo gear calculations one is always 
assailed on one side by those who complain that the whole 
subject can be worked out on the back of an envelope to the 


degree of accuracy required in practice, and from the other 
side by those who complain that there is no point in having 
certificates unless the calculated stresses give a true picture 
of actual service conditions. Mr. Beckwith has made a valiant 
effort to steer a middle course and has, in my opinion, 
succeeded in producing a set of formule which will probably 
please both sides so far as rope tensions are concerned, but 
he will undoubtedly please neither side when the strength of 
derrick booms is considered. 

The answer seems to be to have two sets of equations—one 
for the Surveyor who is confronted with an existing ship for 
which he has little or no data but which wants a cargo gear 
certificate in a hurry, and the other for the Surveyor who is 
approving a new design in the comfort of a fully equipped 
office. 

For the “emergency” calculation we can, I would suggest, 
make a number of simplifications to Mr. Beckwith’s equations 
on pages 7 and 9. 
y-2iPe 
Pe—fa 


This is quite in order as this substitution was used in deriving 
the formula (on page 7) for crippling stress. 

It is accurate to within 8 per cent which is quite good com- 
pared with some derrick approximations. 


Ist let sec te 


D 
2nd let k=—— 
2:9 
again for the practical variation in derrick scantlings this 
approximation is close enough for practical purposes. 
3rd assume that the actual crippling 
stress P (critical) =0°8 Pe 
This approximation can result in a greater error than the 
other two, but such error is mainly due to assuming an 
incorrect value of initial lack of straightness—an error to 
which Mr. Beckwith’s formule are equally subject. 
Our maths are now reduced to this: — 


15500 D* 


e= = 
P 


I 
fa (maximum) =~ if the S.W.L. of the boom © 10 tons 


Pe 
fa Ghexinun) =~ if the S.W.L. of the boom > 10 tons 


M (maximum) = [z-1 wid ita (— nie) ee Bends 
Pe—fa ) 


I know these formule are not exact but neither are those 
proposed by Mr. Beckwith. However, in an emergency job 
We are primarily concerned to check that the booms fitted are 
reasonable for their desired S.W.Ls. before we risk damage 
due to overloading them on test. But before we even do this 
much maths, there is a simple check we can make. If the 
direct stress in a light mild steel boom exceeds 2 tons/in.2 we 
can be pretty sure that the boom is overloaded, and for this 
reason. 

Our formule divide the stress in a derrick boom into two 
parts—that due to direct stress and that due to bending 
moment, and we set limits on the direct stress alone and on 
the total of both types. 

The direct stress is constant across the boom and _ the 
bending stress is added to this as shown in the diagram. 


te 


Direct stress 


fee 


Bending stress 
3—_——] 


due to, boom weight 
+ boom eccentricity 
+ end torque effect 


for mild steel booms with a S.W.L. < 10 tons the direct stress 
1-5 P (critical) 


is limited to 
5 


P 
and the total stress is limited to x 


If we set the bending stress equal to zero we get 
1:5 x P (critical) Py 
5 395 
i.e. P (critical)=-952 Py 
P (critical) 
5 


but fa must not exceed 


.', fa must not exceed 


5ri25) 


i.e. for mild steel fa must not exceed about 2} tons/in.*. 
BUT the Society assumes that no boom is initially straight or 
weightless and therefore the bending stress can never equal 
zero in any cases We consider. 

Turn back to the equation for M which I derived earlier. 
M is the bending moment due to external forces and due to 
the boom’s own weight. 

We can put M =zero (i.e. assume that the effects of external 
forces and weight cancel out) and the portion of the equation 
in square brackets then also equals zero and initial eccentricity 

p 1°2.Pe.x % 
in the boom is taken care of by the fraction se A 
P(critical) 
5 


1-5 x P (critical) | Pa | 

> get i+ eas: 
bite 5 | 1—-16| 
1:5 P (critical) ( 


5 jit 


If P (critical) =*8 Pe and fa= 


1.€. 


l 
Now for practical derricks k varies from about 80 to 165 


and therefore the value of P (critical) can vary from 0°56 Py 


P(critical) 
to 0:71 Py and therefore as fa (max)= ak. all 
fa (maximum) can vary from ‘112 Py to °142 Py, but as we 


do not wish to eliminate any boom unnecessarily we will take 
the higher value. 


BY¥ics 
fa (maximum) =—" i.e. approximately 2 tons/in.* 


Again this is only a rough check but it can save a lot of time. 
So much for simplification—now to consider the formule 
as tools for accurate work. 


Firstiy. As can be seen the effect of assuming '? = +003 : 


is to reduce fa (maximum) by almost 40 per cent in our 
worked example and had we chosen the example where fa 
(maximum)=*112 Py the reduction would have been almost 
65 per cent. 

Now when all is said and done % is an arbitrary value. It 
is derived from the investigation of the maximum normal 
eccentricity of Civil Engineering Columns (the mean eccen- 


tricity of such columns was ‘001 re A variation here can 


result in a decrease in allowable M of several hundred per 
cent. 

SeconpLy. The shock factor of 1°5 applies up to 10 tons 
S.W.L. and not above. It has obviously been chosen for 
reasons of simplicity but I doubt if the author has strong 
grounds to defend it as against a value of say 1°25 which 
one might choose in view of the British Standard Specification 
327 regarding the efficiency of friction brakes on derrick crane 
winches or of 1°3 which is recommended in B.S.S.2573 for 
medium duty factory cranes. A variation here can, in certain 
cases again, cause a large percentage variation in allowable 
values of M. 

THIRDLY. If we solve the equation on page 9 with regard 


l ; : 
to ‘ we find that we are liable to get the frustrating result of 


a negative value of M on derricks with a slenderness ratio of 
105 or less, and we are then reduced to a process of trial and 
error in computing fa. 


FourTHLy. As a boom decreases in cross sectional area and 
in modulus towards the ends, so the direct compressive stress 
and, often, the bending stress also, will increase. It is quite 
possible in fact for the stresses at the head of a boom to be 
almost twice those at the centre. Mr. Beckwith’s formule take 
no account of this whatever. 

As I have never seen, or heard of, a boom failing in this 
area of increased stress, I dare to put this forward as a further 
indication of some inaccuracy in the generally accepted 
methods of calculating stresses. Would the author agree that 
considerable research might well be directed towards this 
matter, in particular with a view to determining the strengths 
needed to withstand contact with guys, shrouds and hatch 
coamings (the latter when booms are lowered for maintenance 
and inspection). 

In view of the great number of boom failures it would 
appear that one day it might well be argued that slight 
indentations from such causes constitute part of normal usage 
and should therefore be taken into consideration. 

Two more points unrelated to boom formule : — 

Mr. Beckwith says, on page 14, that “apart from derricks 
of less than 3 tons S.W.L. it is the safe working load of a 
single runner . . . which will determine the S.W.L. in union 
purchase”. 

In my experience this needs qualifying very greatly. I have 
only met one ship in which the cargo winches were rated at 
3 tons or over where the load on the runner was in any way 
critical in union purchase. In nine out of ten cases the guys 
were the restricting factor (as Mr. Beckwith himself implies 
in the next paragraph) and in the other cases the boom 


strength was usually the limiting factor. Few indeed are 
modern ships with winches that have a safe working load of 
less than three tons. 


Mr. A. AHMED 


A derrick boom with a couple at its upper end and hinged 
at the lower end has a B.M.D. of triangular shape, zero 
moment being at the hinge, and this is quite similar to a 
cantilever with end load. 

Therefore, at the centre of the boom, the magnitude of the 
moment is exactly half of that at the head. It follows, there- 
fore, that to calculate stress at the centre one must use the 
appropriate value, i.e. half of the boom head moment, rather 
than the full moment which is at the head only. The result is 
that the stress would be lower than the Author’s formulation. 

Turning to Appendix III, page 21, second line from top, 
the head moment is 22°92 tons in., therefore, moment at the 
centre is 11°46 tons in., and this should be included in the 
summation of moments. Now it is seen that the summation 
of moments amounts to 80°31 tons in., for which the stress is 
about 1°49 tons/in.? only, which is well within the limiting 
stress of 1°67 tons/in.*. 

The behaviour of slender thin-walled tubes subjected to 
axial load and bending is quite different from relatively thick- 
walled pillars and columns, and the problem becomes acute 
when intitial deviations from planarity, e.g. kinks, etc., initiate 
premature buckling and failure. Modern shell theory has 
provided certain solutions to the problem. I request the 
Author to comment on this particular aspect. 


Mr. E. L. GREEN 


To this informative paper, I would like to add a few 
remarks which I hope will be of interest. 

The requirements embodied in the British Docks Regula- 
tions with regard to the maintenance of cargo gear aboard 
British Ships have been satisfied in the past if the annual 
inspection is carried out by the ship’s Chief Officer and in the 
case of the quadrennial examination the competent person is 
often the Master Rigger of a ship-repair firm although the 
cargo register retained aboard the ship is usually signed by 
the manager of the firm. 

From personal experience (not as a servant of Lloyd's 
Register) I can say that failure of cargo gear involving injury 
to a docker, forms a fruitful field of litigation and the Courts 
have always encouraged the “competent person” who signed 
for the last quadrennial examination, to carry out his task 
with care and diligence. 

The quadrennial examination requires complete dismantling 
of the gear, but it should be emphasised that only the 
wrought-iron fittings referred to on the reverse side of Form 
C.G.6 require heat treatment. 

Sometimes it is difficult, if not impossible, to ascertain 
which are wrought iron and which are steel fittings and in 
this case heat treatment (in a proper furnace) as stipulated 
in paragraph 3b of the above Form C.G.6 should be carried 
out. 

However, it is my experience that wrought-iron fittings are 
becoming a rarity and with new construction all fittings are 
of mild steel. Moreover, on the Continent, Thomas Steel is 
used extensively for cargo gear fittings. Would the Author 
comment on this? Is there anything in the British Docks 
Regulations or I.L.O. recommendations which proscribes the 
use of Thomas Steel? 


In the case of steel fittings it is good practice to “fire” them 
in order to expose the bare metal and reveal defects. 

The work involved in a quadrennial examination is such 
that consideration should be given to the advisability of 
having establishments specially approved for this purpose. 

Under the heading of “Testing” on page 9, the Author 
states that it is generally accepted as good practice to re-test 
the derricks at each quadrennial examination and suggests 
that this be done whenever possible. Unless major repairs or 
alterations to the rig have been carried out I do not agree 
with this. 

A routine testing of derricks as rigged every four years is 
not obligatory and for the Society’s Surveyors to suggest or 
recommend a course of action which the empowering authority 
itself does not insist upon, places them in the position of 
being more Roman than the Romans. 

In section (d) of the schedule to the 1934 Docks Regula- 
tions, it is laid down that after being tested “all machines with 
the whole of the gear accessory thereto and all loose gear 
shall be examined, the sheaves and the pins of the pulley 
blocks being removed for the purpose to see that no part is 
injured or permanently deformed by the test”. 


Since the permanent deformation of chains and shackles 
may be small, could the Author give us his opinion how this 
should be measured? To my mind the only practical method 
would be to trammell or caliper the items concerned before 
and after applying the proof load, but I have never seen or 
heard of this being done. Another question is, for how long 
should the proof load be applied? 

I seems to me to be an anomaly of the Regulations that no 
particular mention is made of the permanent attachments to 
deck, masts and derricks ; these should be of ample scantlings 
and secured inside by means of a palm or similar, so that the 
securing welds or rivets are not in direct shear or tension. 

The Author makes no mention of Oregon pine derricks, 
but I suppose there are very few of these in existence 
nowadays. 

On the reverse side of the forms C.G. in Appendix IV, it 
is noted that a ton is defined as 1000 kg. or 2,200 Ib. Is there 
any particular reason why the English ton of 2,240 lb. has 
been rejected in favour of its metric counterpart? 

In conclusion, I would like to thank the Author for a very 
interesting paper, which should be of great assistance to 
colleagues. 


AUTHOR’S REPLY 


As the paper read was mainly a factual one it is not sur- 
prising that the majority of contributors to the discussion 
have confined themselves to enlarging upon various points 
and discussing methods of calculation. I had hoped that more 
contributions might have been received from colleagues in 
the outports. No doubt problems have arisen in connection 
with the physical survey of cargo gear items and it would 
have been interesting to have learnt of them. I am, however, 
grateful to those colleagues who have made contributions, 
and trust that they will feel that I have dealt adequately with 
their queries. 


Mr. Davies points out the lack of information in the pub- 
lished requirements as to the scantlings of cargo gear items. 
Such omissions were, no doubt, deliberate as it is difficult 
when preparing requirements of this kind to get agreement 
on methods of calculation and on acceptable stresses. Con- 
firmation of this may be obtained from the introduction to 
Safety and Health in Dock Work (Ref. 5) which explains 
that detailed specifications are not included as “there are 
numerous detailed national standards for individual items of 
cargo gear and the drafting of international standards based 
on all existing provisions would be a staggering task”’. 

Mr. CLEMMETSEN mentions that few British-built ships 
have been examined for cargo gear certification as the ship- 
builders themselves are “competent persons”. As a matter of 
interest, there are a number of well known British firms who 
carry out the work necessary for periodical examinations and 
consequently the Society is rarely called in to do such work 
in this country. Mr. Clemmetsen’s example illustrates the need 
to check scantlings before signing a new certificate and also 
brings out the point that 6 x 7 ropes are not really suitable 
for running rigging, the same applies to 6 x 12 ropes. 

With regard to having a rigger examine the mast head 
attachments I would say that this is acceptable provided the 
Surveyor is satisfied with the competence of the rigger. 

In connection with the testing of winches the requirements 
state “every winch with the whole of the gear accessory 


thereto should be tested with a proof load”, etc. I know that 
some authorities interpret this in such a way that the winch 
is only required to hold or lower the test load but not lift it. 
This interpretation may have been influenced by Section 226 
of Safety and Health in Dock Work (Ref. 5) viz.:— 
“Designers of derrick winches should give consideration 
to limiting the power of the winch when used for hoisting 
in high gear as closely as practicable to that corresponding 
to the safe working load of the derrick, in order to minimise 
the risk of accident due to excessive power.” 

I feel that when a winch has been so designed there is no 
alternative but to give it a “helping hand” to lift the test load, 
but it should be capable of “holding” the test load. In the 
majority of cases, however, it will be found that a single 
winch will be capable of lifting the test load without help. 

Mr. BuckKLe contends that I have attempted to steer a 
middle course through a sea of cargo gear calculations, with 
only partial success. I must make it clear that I cannot claim 
the credit for any of the methods of calculations which I 
quoted in the paper. The method of calculating rope tensions 
is merely an extension of the accepted method, and the 
method of calculating stresses in derrick booms was obtained 
from Mr. Davies 1951 R.I.N.A. paper (Ref. 7). These methods 
were chosen as being the most satisfactory available, bearing 
in mind that a great dealt of research still has to be done, 
particularly on the strength of derrick booms. An extended 
series of experiments on the strength of derrick booms is, 
in fact, being carried out at the moment at Delft University. 
An interim report confirms the need to take end bending 
moments into account, but as yet it has not been possible to 
produce a satisfactory assessment of their effect. 

Mr. Buckle’s simplifications of the various formule are 
most interesting and should be useful for approximate calcula- 
tions, but I think he will agree that his approximation of the 
maximum direct stress is very rough indeed. I think he is 
being very optmistic in assuming that the effects of external 
forces and weight cancel each other in this approximation. 


He states that for mild steel booms with a S.W.L. < 10 tons 


seg for 1-5 P (critical) 
the direct stress is limited to —— = : 


I think this 


P (critical) , " y 
should read — - as the factor 1:5 only comes into the 


formula when both axial and bending stresses are considered. 
Mr. Buckle confirms this in the next few lines when he says 

P (critical) 
fa must not exceed ———-—— 


Turning now to Mr. Buckle’s criticism of the various 
factors I find myself in the unenviable position of having 
to defend values decided upon by another author. There is 
a recent school of thought which believes that no correction 
should be made for initial eccentricity. It is assumed that 
any stress so induced is included with residual stresses. 1 
think this line of thought merits consideration. The question 
of the dynamic factor is one which can be discussed ad 
infinitum and I do not intend to enter into an argument about 
it but would rather refer Mr. Buckle to the discussion and 
author’s reply of Mr. Davies 1951 R.I.N.A. paper. 

I agree that the formule have shortcomings in respect of 
Mr. Buckle’s third and fourth points and am in full con- 
currence with his suggestion that further research is needed 
to determine what other factors should be taken into account 
apart from the direct load and external bending moments. 

Much of the research work on shells, to which I have 
referred in my reply to Mr. Ahmed, is relevant to derrick 
booms but there are problems more particular to derricks, 
such as dynamic effects and rough usage. They may be more 
satisfactorily assessed by experiment. 

Since writing the paper I have come across two formule 
which are being used to estimate the strength of “beam 
columns”. They might well be adapted to estimate derrick 
strength. 

A “beam column” denotes a member subjected to an axial 
force and also to bending moments resulting from transverse 
forces and/or from a known eccentricity of the axial force at 
one or both ends. As the bending moments approach zero the 
member tends to a centrally loaded column; as the axial 
force approaches zero the problem tends to that of a beam. 

If the member is designed so that there is no tripping or 
local buckling of its components, its overall strength may be 
found by means of an interaction equation as follows : — 

Let P=Designed axial load at failure. 
M =Designed bending moment at failure. 

When P and M act simultaneously. M should include any 
bending moment associated with a known eccentricity of the 
axial load. Failure of the member may be expected to occur 
when 

P M 
ef = 
Pc moh ee ) 
re 
Where Pc=collapse load of the member when acted upon 
by axial load alone 
Pe=Euler elastic buckling load of the member 
when acted upon by the axial load alone 
Mc=Bending moment which would cause failure of 
the beam in the absence of the axial load. 


Mc should be taken to be that moment which causes the 
extreme fibres just to reach yield stress. 


If in the case of a derrick boom we take 
P=Axial thrust x 5 (or 4 as the case may be). 
M=Total B.M. due to weight and end moment. 
Then for a given boom we should be able to complete the 
interaction equation. The equation does not make any allow- 
ance for dynamic effects but it is interesting to note that if 
we apply it to the example given in the paper and calculate 
Pe according to the Rankine-Gordon formula 
P M 
Pc ae 1+P ) 
Pe 
If P is multiplied by a factor 1:3 the equation approximates 
to I. 
When the maximum stress occurs at the ends of the mem- 
ber the following condition must also be satisfied : — 
P Ma 


Afy Me, 
where A=cross sectional area at the end of the column 
fy=yield stress of the material 
Ma=bending moment at the end of the column 
Mc, =bending moment which would cause failure due 


to the bending moment only based on the area 
of the section at the end of the column. 


This formula is a possible solution to the problem of stress 
at the ends of derricks raised by Mr. Buckle. 

With regard to S.W.L. in union purchase I did say “generally 
speaking” before the extract quoted by Mr. Buckle but I will 
try to qualify the statement as requested. The size of the cargo 
runner is virtually the same on all cargo derricks up to about 
10 tons S.W.L. Therefore, apart from the low rated derrick 
(i.e. below 3 tons S.W.L.) the S.W.L. of the runner determines 
the S.W.L. in union purchase. This is, of course, subject to 
guy strength being adequate. 

Mr. AHMED is quite correct in pointing out the error made 
in taking the whole of the end moment at mid span. 

The formule on page 8 should read 


W.e,)—(W.e, 
Considering Fig. 5a Mb=—0) v2) 


=+744+ -06= -804 


“ 


W.e. 
Fig, 5b Mb=—2 


“ 


I think it is probably true to say that the question of thin 
wall buckling does not apply in the majority of derrick 
booms. I did, in fact, calculate a large number of booms to 
one of the empirical formule available, and found them all 
well within the limiting value of diameter/thickness. A great 
deal of research has been carried out into the buckling of 
shells. This research, which still continues, has shown that 
initial deflections and other imperfections have a considerable 
influence on the value of the ultimate load which a com- 
pressed cylinder can carry. It has also been shown that 
theoretical investigations can only be used as a guide in 
developing empirical formulz based on numerous experi- 
ments. It has been found that the ratio of ultimate stress to 
theoretical stress decreases as the ratio diameter/thickness 
increases. In other words the discrepancy between experiment 
and theory is larger for thinner shells, this being due mainly 
to initial imperfections. 

Although I have said that the majority of derrick booms 
will not be affected by the thin wall buckling problem, I think 


some check should be made on the diameter/thickness ratio 
to ensure that it is within acceptable limits. 

A recent formula produced by the American Column 
Research Council is now being widely used for this purpose. 
It is as follows: — 


d 
(sis = 


fy 
where d=mean diameter of tube 
t=thickness 
fy =yield stress 
E=Youngs Modulus. 

Mr. GREEN has obviously had considerably experience of 
the physical examination of cargo gear items, as the remarks 
in his opening paragraphs bear out. 

Thomas steel is used quite extensively for cargo fittings on 
the Continent. Although there is nothing in the British Dock 
Regulations or the I.L.O. code of practice which expressly 
prohibits this material the Society would not recommend its 
use for items liable to strain ageing, such as hooks, etc. 

The practice of “firing” steel fittings to reveal defects can 
be a highly dangerous one, and should be discouraged unless 
the firing is brought about by a proper method of heat treat- 
ment. Uncontrolled heating of steel can cause deterioration 
of physical properties, distortion, etc. If the temperatures 
reached are above a certain level it may not be possible to 
remove the effects by subsequent heat treatment. 

I have already pointed out in my reply to Mr. Clemmetsen 
that there are a number of specialist firms in this country 
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who deal with periodical examinations, and no doubt there 
are similar firms abroad. If Mr. Green’s idea is to have estab- 
lishments similar to the Proving Houses I think this would 
be rather difficult to achieve. 

Although Mr. Green does not agree with my suggestion 
that derricks should be re-tested at each quadrennial survey, 
I still believe it should be done as far as possible. Various 
national authorities insist upon it and I know that at least one 
firm of riggers in this country do it as standard practice. It 
seems to me that there is little to be lost and very much to 
gain, from a safety point of view, by adopting this practice. 

Mr. Green poses a very difficult question when he asks 
how to measure the deformation of chains and shackles. This 
is where our “competent person” comes in, i.e. a competent 
practical man who is conversant with the kind of flaws and 
defects likely to be found and who is able to make due allow- 
ance for any wear or distortion when considering the safety 
of the chain. The use of trammells or calipers would be useful 
but I think in most cases it depends on the experience of the 
man carrying out the examination. 

I have already stated in the paper that when a test clock 
is used the indicator should remain constant for at least five 
minutes. When lifting moving weights I would suggest that a 
reasonable time to apply the proof load would be that taken 
to lift, traverse and lower it. 

The only reason for adopting the 2,200 Ib. ton is that the 
Society’s forms are based on the form approved by the 
International Labour Office, there was no question of reject- 
ing the British ton. 
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RECENT DEVELOPMENTS IN STEELMAKING PRACTICE 


By R. 


INTRODUCTION 

Within the last 10 years there have been important develop- 
ments both in actual steelmaking processes and in ancillary 
manufacturing methods and the purpose of this paper is to 
describe some of these new developments in general terms. 
The Society has taken an active interest particularly in the new 
steelmaking processes and mention will be made of the pro- 
cedure followed to obtain recognition of these processes for the 
manufacture of steel used in ship and machinery construction. 

Until the introduction of the new oxygen steelmaking 
processes two methods were used for bulk steel production, 
these being the Bessemer converter and the Siemens Martin 
open hearth processes. The electric furnace process was also 
available but due to the relatively small size of the furnaces and 
also for economic reasons, was used mainly for the production 
of alloy and special quality steels. All these processes could be 
either of the acid or basic type—that is, the refractory working 
linings either had a high silica content or were composed mainly 
of basic oxides such as lime, magnesia or dolomite. It is not 
proposed to describe these processes in detail as the essential 
features are well known. Both the Bessemer converter and the 
open hearth furnace were introduced about 100 years ago and 
while very considerable advances have been made in design, 
construction, control and efficiency, the processes remained 
fundamentally unaltered. The introduction of new oxygen 
processes for steelmaking is therefore an outstanding event 
which, in the course of time, will revolutionise the whole 
industry. 


3ESSEMER PROCESS 

Steelmaking is essentially a process of oxidation whereby 
iron is converted to steel by the elimination of carbon, silicon 
and manganese under controlled conditions. In the basie lined 
processes it is also possible to reduce the sulphur and phos- 
phorus contents of the iron. In the Bessemer process the 
oxidising agent is air which is blown through the molten iron 
contained in a pear-shaped vessel. No external fuel is used and 
the process is self sustaining as the oxidation principatly of the 
silicon and phosphorus contents provides sufficient heat to raise 
the temperature as refining proceeds and to keep the contents 
of the converter in a fluid condition. This imposes limitations 
on the types of iron suitable for use in the converter. 

Figure 1 shows the progress of refining in a typical basic 
Bessemer or Thomas converter and it will be noted that while 
the silicon and manganese contents are eliminated in the early 
stages of the “blow”, the oxidation of phosphorus lags behind 
that of carbon and is only reduced to an acceptable level in the 
period referred to as the “after blow”. This description relates 
to the appearance of the flame emerging from the converter 
which initially is long and luminous due to the combustion of 
carbon monoxide produced by the oxidation of the carbon in 
the iron. As the carbon content is reduced the flame shortens 
in a characteristic manner and this is in fact used to estimate 
the progress of refining. 

It is generally recognised that the best quality of steel is 
obtained where the oxidation process is stopped when the 
carbon content is reduced to a value slightly under that required 
in the finished steel. This is not possible in the basic converter 
because of the need for further blowing to reduce the phos- 
phorus content and consequently the steel is fully blown to a 
dead soft condition and has to be recarburized by additions of 
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Typical Composition Ranges for Conventional Basic 
Bessemer Steelmaking 


Si Mn ly Ss Np. % 
Pig Tron 0-°3/0°6 O°8/1°5 1°6/2-2 0-04/0-10  0-006/0-008 
Steel trace *25/-45 -05/-08 -025/-040 0-012/0-020 
keO P.O. CaO SiO, % 
Slag 12/16 15/20 40/50 3/6 


11,000-12,000 ecu. ft. air per ton Tron at pressure about 
25 Ibs./sq. in. 


Blast approx. 


Typical Course of Reaction in Conventional Basic 
Bessemer Conversion 


(Reference 1) 


Fig. 1. 


coke and ferro-alloys to the ladle. This practice tends to 
increase the amount of non-metallic inclusions present in the 
finished steel. There are also practical linutations to the extent 
of recarburization and the process can only be used for the 
production of low or medium carbon steels with a low alloy 
content. 

During the “‘after blow” the gases emerging from the con- 
verter are almost pure nitrogen and considerable absorption 
occurs resulting in high nitrogen contents in the finished steel. 
Figure | shows some reduction in the nitrogen content during 
the early stages of refining. This is due to the flushing action of 
other gases evolved but with the elimination of carbon, the 
nitrogen content increases rapidly and the final content is 
higher than the initial content of the iron. High nitrogen 
contents are generally undesirable in constructional steel mainly 
because of their effect on the strain ageing characteristics of the 
material. This is illustrated in the Izod impact test results 
shown in Table I. These tests were carried out on samples of 
mild steel of approximately the same composition made by 
different processes. 


TABLE | 


STRAIN AGE EMBRITTLEMENT TESTS 
(Reference 2) 


Average Izod Impact Values ft. Ib. 
at Room Temperature 


Process of 
Manufacture Normalised 
strained 15% 

teheated to 


Normalised 


Normalised strained | 


oe 250°C, 
Bessemer solid 89 8 1 
Bessemer rimming 89 5 9-5 
Acid O.H. solid | 93 4 10 
Basie O.H. solid 92 33 9 
Basie O.H. rimming | 75 52 | 16 


The deleterious effect of nitrogen can be mitigated to some 
extent by deoxidation with aluminium which combines with 
the nitrogen to form stable nitrides. The use of aluminium, 
however, tends to increase the amount of non-metallic inclu- 
sions present in the finished steel and fully kills the steel so that 
larger discards are required from the top end of each ingot to 
remove any piping which is formed. This reduction in the 
yield of usable steel is a serious economic disadvantage. The 
normal practice for constructional steels is to ca refully control 
the additions of ferro-silicon and aluminium to produce 
“balanced” or “‘semi-killed” steel. With this type of steel 
sufficient gas evolution takes place during solidification in the 
mould to offset the formation of piping and only modest discards 
are necessary from each ingot. 

It will be appreciated from the above remarks that the 
quality of steel made by the Bessemer process is not always 
satisfactory and is generally inferior in properties to steel made 
by the open hearth process. For many applications, Bessemer 
steel is considered to be unsuitable. These include shipbuilding 
and the Society has never permitted the use of steel made by 
this process for hull or machinery construction. Because of the 
restrictions in the uses of Bessemer steel, many attempts have 
been made to modify the process in order to improve the 
quality of the finished steel. These have included the so-called 
duplex processes where the iron was only partially refined in 
the converter and was then transferred to an open hearth or 
electric are furnace for finishing. Such processes were techni- 
sally quite successful but had obvious economic disadvantages 
and there was an incentive to improve the Bessemer process 
with refining being completed in the converter. 


Improved BrssEMER PROCESSES 

Factors which would reduce the nitrogen content of the 
finished steel are:— 

(2) A low partial pressure of nitrogen in the gas in contact 
with the metal. : 

(b) A decrease in time of contact between gas and metal. 

(c) A decrease in the metal temperature. 

Various attempts have been made to implement these in 
practice and a war-time development in Germany consisted of 
re-designing the converter to produce a shallow bath thereby 
reducing the gas pressure and contact time. The bath tempera- 
ture was reduced by careful additions of solid scrap or iron ore. 
Iron ore or scale had the added advantage of providing some 
of the oxygen required, thus reducing the amount of air neces- 
sary. Moderate success was obtained and the steel produced 
had a maximum nitrogen content of 0-008 per cent. 
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Other developments led to the use of oxygen enriched air for 
the blast. The obvious ideal is to use pure oxygen but this was 
found to be impractical as very high temperatures were 
generated at the tuyere mouths causing excessive wear of the 
refractories. Apart from this difficulty it will be appreciated 
that in the conventional converter the blast pressure must be 
maintained at a sufficient level to prevent molten material 
running into the tuyeres and blast box. This results in high 
rates of gas flow which, using pure oxygen, produces very rapid 
oxidation and the process cannot be controlled. Several plants 
are in successful operation using air enriched with 25 to 35 per 
cent oxygen. Another approach to this problem was to replace 
the nitrogen by other diluent gases such as carbon dioxide or 
steam. The V.L.N. process (very low nitrogen) now in operation 
at the Steel Company of Wales uses an oxygen/steam mixture 
and nitrogen contents of 0-003/0-004 per cent can be regularly 
obtained. The use of steam, however, raises another problem 
as the finished steel is liable to have a high hydrogen content 
with the attendant danger of internal cracking and the steel 
produced may only be suitable for the commercial production 
of light-gauge finished products. 


THe L.D. Process 

The difficulties associated with the use of pure oxygen were 
overcome by the development of the L.D. process (Linzer 
Diisenverfahren-Linz nozzle process) by Messrs. Véest in 
Austria. The converter used in this process is illustrated in 
Figure 2 and is similar in shape to the conventional Bessemer 
converter except that the bottom is solid. Oxygen is blown, 
under high pressure, on to the surface of the iron by means of a 
single water cooled lance inserted from the top of the converter, 
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Composition: 


Cc Mn Si jes Ss Ne % 
Pig Lron 4°30 2-56 0-08 0-065 0-038 
Steel O-10 0-46 0-016 0-021 0-003 
Cad FeO MnoO Si0,% 
Final Slag 38 15 20 13 


Oxygen Usage approx. 2,000 eu. ft./ton steel (pressure between 70 and 
170 lbs. /sq. in.) 


Fig. 3. Typical Course of Reaction in L.D. Conversion. 
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Figure 3 shows the progress of a charge in this type of 
converter and it will be noted that unlike the basie Bessemer 
converter phosphorus elimination precedes that of carbon. 
This is due to the chemistry of the slag-metal reaction but will 
not be considered in this paper. It is therefore unnecessary to 
blow to a dead soft condition and “catch” carbon techniques 
can be used thus making the process suitable for the manufac- 
ture of higher carbon steels. Because of the absence of large 
volumes of nitrogen, heat is not wasted as in the Bessemer 
process and substantially higher temperatures can if necessary 
be obtained, thus facilitating the manufacture of low alloy 
steels. It is in fact necessary to control the temperature by 
additions of either scrap or ore and the process has the added 
economic advantage of being able to utilise a large portion of 
the scrap produced in the form of ingot discards, ete., during 
rolling. In conventional Bessemer plants, most of the works 
scrap had either to be sold, or open hearth or electric furnace 
plants installed to remelt it. 

The lay-out of a typical L.D. converter shop is shown in 
Figures 44 and 48. The empty converter is first tilted to the 
left and scrap charged by means of a bogie. The amount of 
scrap added is predetermined and depends on the composition 
of the iron to be used and also on the heat available in the 
converter, i.e. time and number of previous charges. The 
converter is then tilted to the right and the required amount 
of molten iron added from a transfer ladle. This iron may be 
transferred directly from the blast furnace but it is more usual 
to store the molten iron in a large mixer so as to even out any 
minor variations in chemical composition between successive 
tappings from the blast furnace, and also to provide a reservoir 
for periods when the converters may not be in operation such 
as at weekends. 

The converter is then rotated to the vertical blowing position 
and the oxygen lance is lowered to a fixed height above the 
surface of the metal. Simultaneously with the lowering of the 
lance, oxygen is admitted and the refining action commences. 
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When ignition occurs lime in lump form is added to the con- 
verter by means of a chute. The flame emerging from the con- 
verter is short at first but after a few minutes becomes longer 
and more luminous, and continues until the carbon is elimina- 
ted. The drop in the flame signifies completion of refining and 
the lance is withdrawn and the oxygen supply stopped. The 
converter is then tilted to the left for temperature measurement 
by means of an immersion pyrometer. A sample is also drawn 
for rapid chemical analysis. The converter is held in this 
position for a few minutes and if the composition is found to be 
as required, the converter is tilted over to the right and the 
steel discharged into a ladle. Additions of ferro-alloys are made 
to the ladle at this stage, which, when the converter is discharged, 
is withdrawn and transferred to the pouring bay. 

The use of the lip pouring converter shown in Figure 2 makes 
it difficult to separate the metal from the slag during tapping 
and an improved type of converter has a small tap hole in the 
vessel wall near the base of the top conical section. By quickly 
tilting the converter it is possible to obtain almost complete 
separation of the metal and slag. When all the metal is 
discharged the converter is first turned to a more upright 
position, the ladle removed and the converter then inverted to 
discharge the retained slag into a slag box. 


As mentioned previously, a “catch”? carbon technique can 
be used when manufacturing higher carbon steel by the L.D. 
process. In this case blowing is not continued until the flame 
shortens but is stopped at an earlier stage when it is estimated 
that the carbon content is reduced to the required level. This 
is checked by means of chemical analysis of a sample from the 
converter and if satisfactory the charge is completed in the 
usual way. The actual blowing time can be estimated from the 
type of graphs shown in Figure 3 and by metering the amount 
of oxygen supplied via the lance, but these would need to be 
supplemented by trial and error methods and in practice the 
best results will be obtained when all variables are standardised 
as much as possible. 


L.D.-A.C. anp 0.1.P. Processes 

The L.D. process in its original form was only suitable for 
irons low in phosphorus and development work in Luxembourg 
and Belgium whereby lime powder is injected into the gas 
stream has resulted in the L.D.-A.C. process, suitable for 
higher phosphorus ores. Parallel development by I.R.S.I.D. 
in France has resulted in the O.L.P. (oxygen lime powder) 
process. Figure 5 shows in graphical form the range of phos- 
phorus contents suitable for the conventional and the new 
steelmaking processes. 
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In both of these processes the primary slag is removed at an 
intermediate stage in refining, and a new highly basic slag is 
then formed and refining completed. The progress of a typical 
L.D.-A.C. charge is shown in Figure 6, and it will be noted 
that the final slag is also effective in reducing the sulphur 
content. 


Katpo Process 

Concurrent with the development of the L.D. process, 
experiments at the Domnarvets works in Sweden resulted in 
the Kaldo process. The vessel used in this process is again 
similar in shape to the conventional Bessemer converter but 
with the bottom closed and is mounted so that, in addition to 
the usual tilting motion, it can also be rotated. The general 
form of the Kaldo vessel is shown in Figure 7. In the blowing 
position the vessel is inclined at about 20° to the horizontal 
and can be rotated at speeds of up to 30 r-p.m. Oxygen is 
provided by a water cooled lance inserted at the open end. 
The oxygen stream does not impinge directly on the metal 
surface and tends more to flood the space above the slag. This 
means that only the slag is in direct contact with the gas and 
that oxidation will proceed by a slag/metal reaction similar in 
some ways to the open hearth process. The speed of rotation 
will effectively control the reaction rate between slag and metal, 

Most of the carbon monoxide evolved burns within the 
vessel resulting in considerable thermal advantage. 30 per cent 
and in some cases up to 40 per cent of scrap can be consumed 
in the process as compared with 15/20 per cent in the L.D. 
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Typical Course of Reaction in Kaldo Conversion of High-Phosphorus Iron. 
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process and only 5 per centin Bessemer practice. The refining 
action is slower than in the L.D. process and as a result is 
perhaps more controllable. This is illustrated in Figure 8 which 
shows the changes in composition for a typical Kaldo charge. 
It will be noted that in this example iron ore has been used as 
a coolant instead of steel scrap. Like the L.D. process phos- 
phorus is oxidised at an early stage in refining, but with 
phosphoric irons a second slag must be formed to reduce the 
content of this element to an acceptable level. Nitrogen 
contents are very low and it is possible to consistently obtain 
values in the finished steel of about 0-003/0-004 per cent. 

From the purely metallurgical aspect the Kaldo process is 
probably better than the L.D. process, mainly because of the 
enhanced degree of control. The process, however, has not been 
taken up with the same enthusiasm as shown for the L.D. 
process. This may be because the production rate is slower and 
also because of the added constructional complication necessary 
for the rotating mechanism. Difficulties have also been 
experienced in obtaining a satisfactory life from the refractory 
lining. 


Roror Process 

Another form of rotary furnace for oxygen steelmaking 
called the Rotor has been developed at Oberhausen in Germany. 
The form of this furnace is illustrated in Figure 9 and consists 
of a horizontal cylindrical vessel about 13 ft. in diameter by 
48 ft. long which can be rotated at speeds of up to 2 r.p.m. 
There is also a tilting mechanism to facilitate charging and 
tapping. Two water cooled lances are inserted at one end and 
direct “primary” oxygen below the metal surface and “‘secon- 
dary” oxygen above the surface. The primary oxygen refines 
and agitates the iron while the secondary supply provides 
oxygen for the combustion of the evolved carbon monoxide. 
The refining rate is slower than in the L.D. process but has 
the advantage of better metallurgical control. The construction 
of the plant is rather complicated and at the present stage of 
development the process has not been adopted to any extent by 
the steel industry. As far as is known only one other plant has 
been installed, apart from the two prototype plants at the 
Oberhausen works. 


7 
igs 


Fig. 9. 


APPLICATION OF OXYGEN TO OPEN Hearra PROCESSES 
The new pneumatic steelmaking processes use large amounts 
of pure oxygen and their commercial exploitation would not 
have been possible without the development of economical 
tonnage oxygen plants which can be sited either in or adjacent 
to the steelworks. Oxygen has been used in open hearth shops 
for a considerable time, one of the first applications being for 
the burning of tap holes. Various attempts have been made to 
use oxygen directly in the refining process and the availability 
of tonnage oxygen plants has stimulated this development. 
Oxygen can be used to enrich the combustion air, so enabling 
more fuel to be burned with increased efficiency. It can also 
be used for rapid refining by injection through lances into the 
bath. Both of these principles have been applied in the Ajax 
process developed by the Appleby-Frodingham Steel Co. A 
250-ton basic open hearth tilting furnace has been modified for 
this process. The furnace is fired with coke oven gas and pro- 
vision has been made to supply oxygen at the burners to 
supplement the normal combustion air. Water cooled lances 
can be inserted at either end of the furnace and direct a stream 
of oxygen on to the surface of the slag. Normal practice is to 
charge iron ore and lime which stiffens any remaining metal or 
slag and enables the furnace lining to be repaired by fettling. 
During this period oxygen is used to enrich the combustion air. 
Hot metal from the mixer is then charged and oxygen lancing 
commenced. This is continued for a predetermined time until 
the carbon content is reduced to about 1 per cent. A sample is 
taken for chemical analysis and the bath temperature is 
measured. The slag is removed, normal firing of the furnace 
being used during this operation. Further additions of ore and 
lime are then made and lancing continued until the carbon 
content is reduced to about 0-40 per cent when the lances are 
withdrawn and the furnace reverts to normal firing. The charge 
is then con.pleted and tapped in the normal manner. The use 
of oxygen in this way has resulted in a considerable saving in 
time and production rates approaching those of the pneumatic 
processes are obtained. Normally, just over 200 tons of steel is 
produced with a tap-to-tap time of 7 hours which represents a 
production rate of about 30 tons/hour. This compares quite 
favourably with the smaller Bessemer plants, although in some 
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of the larger L.D. plants production rates of almost 100 
tons/hour have been obtained. 


APPROVAL OF THE New STeeL-MAKING PROCESSES BY THE 
Socrery 

As mentioned in the introduction to this paper, the Society 
has taken an active interest in the development of the new 
steelmaking processes. When it became evident that promising 
results were being obtained from these processes the matter 
was considered by the Technical Committee and in 1954 an 
Oxygen Steel Panel was formed. This panel included repre- 
sentatives of prominent British and Continental steelmakers, 
and it was agreed that the Society should participate in a 
comprehensive series of tests on production casts of ship steel 
made by the L.D., Kaldo and Rotor processes respectively. 
In all cases satisfactory results were obtained and it was 
decided that steel made by these processes could be accepted 
for ship construction subject to certain special conditions. The 
most important of these were that the steel made by the new 
processes should be carefully segregated during manufacture 
and should be identified by a special mark. The material could 
only be used for hull construction provided the Owner was 
informed and his agreement obtained. It was also required 
that the nitrogen content of each charge should be determined 
and a maximum acceptable nitrogen content of 0-008 per cent 
was specified. Representative sulphur prints had also to be 
taken from each charge. The notch ductile ship steels, ie. P. 5 
(now Grade D) and XNT (now Grade E) were, of course, subject 
to Charpy V-notch tests as a normal requirement of the Rules, 
but in addition ordinary ship steel (now Grade A) was also 
impact tested at 0° C. 

Initially, approval was given to the three firms who had 
developed the new processes but soon other steelworks installed 
plants, particularly for L.D. steel production and after prelimi- 
nary tests these works were also given approval. As experience 
was built up both in manufacture and of subsequent service, 
it became evident that the steel produced by these new proces- 
ses was equivalent in every way to the quality of steel produced 
by the open hearth processes. In June, 1960, it was decided that 
steel made by the L.D., Kaldo and Rotor processes could be 


accepted for ship construction on the same conditions as for 
open hearth steel. This relaxation did not apply to the oxygen 
enriched Bessemer process, and steel made by this method is 
still subject to special conditions for acceptance. 

It was also decided that the normal procedure for approval 
would apply to a steelworks installing any of the oxygen steel 
making processes and that a series of tests would be carried out 
to ensure that the steelmaking process was being successfully 
applied in the particular steelworks concerned. The tests re- 
quired would normally consist of the following and should be 
taken from a reasonable number (say four) of casts representa- 
tive of the grades and thicknesses for which approval is 
required : 

(1) Normal tensile and bend tests as required by the Rules. 

(2) Chemical analysis of ladle sample covering carbon, mangan- 
ese, silicon, sulphur, phosphorus, nitrogen and _ residual 
elements. 

(3) 

(4) 


Ferritic and austenitic grain size determinations. 

Charpy V-notch tests at test temperatures of —40, —20, 
O and +20° C. Three specimens should be tested at each 
temperature and the percentage crystallinity for each 
specimen should be reported in addition to the energy 
absorptions. The above specimens should be cut parallel 
to the principal direction of rolling but additional tests 
should be made to indicate the variation to be expected 
from transverse specimens and between positions corres- 
ponding to the top and bottom of the ingot. 

Sulphur prints from positions corresponding to the top end 
of the ingot. Where the principal direction of rolling is 
parallel to the axis of the ingot, a portion about 15” long 
at the centre of the top edge should be sulphur printed. 
Where the axis of the ingot is transverse, a similar portion 
on the side of the plate should be tested. 


It will be noted that the above comments only apply to steel 
used for hull construction and not to boiler quality steel used 
in the construction of boilers and other pressure vessels. The 
firms developing the oxygen steel making processes have made 
application for approval for the manufacture of boiler quality 
steels and it was decided that a series of tests, including the 
determination of Q-2 per cent proof stress values at elevated 
temperatures, and creep tests of at least 10,000 hours duration, 
should be carried out on typical production casts. To date, 
these tests have only been completed by Messrs. Véest and thus 
of the new oxygen processes only ““L.D.” steel has been 
approved for boiler and pressure vessel construction. At present 
this approval is subject to a maximum working metal 
temperature of 650° F. pending completion of the creep tests. 


Vacuum DErGAsstING PROCESSES 


It is hoped that enough has been written to give a general 
impression of the developments in actual steelmaking processes 
and attention will now be given to two important developments 
in the subsequent processing of steel. 

Mention has been made of the deleterious effect of nitrogen 
on the properties of steel and another troublesome gas present 
in steel is hydrogen. This is present in very small quantities 
of the order of 5 to 15 mls. H, at N.T.P. per 100 gms. of steel, 
which on a weight basis corresponds approximately to 0-0009/ 
0-0014 per cent. It has been conclusively proved that this 
small amount of hydrogen is the main cause for the formation 
of small internal cracks commonly known as “‘flakes”’ or “‘hair- 
line cracks”. The occurrence and prevention of this type of 
cracking has been a worry to the steel industry. particularly to 
the forgemasters, as it is most likely to occur in alloy steels 


especially those containing nickel. Carbon and carbon mangan- 
ese steels are not, however, immune from this type of defect 
and internal cracks have been found in mild steel forgings and 
even in thick plate material. Experience has shown that the 
only safe method to prevent the formation of flakes or hairline 
cracks is to use “hot-line” production followed by heat treat- 
ment for a prolonged period at 600/650° C. Internal cracks of 
this type form at a comparatively low temperature, about 
200° C., and provided the material is maintained above this 
temperature during processing there is no danger of crack 
formation. The annealing treatment at 600/650° C. reduces the 
hydrogen content by a process of diffusion and provided 
sufficient time is allowed, the hydrogen content can be reduced 
to a safe level (about 1-5 ml. H,/!00 gms.) and the steel can 
then be cooled to room temperature without any cracks 
forming. This treatment, of course, has an adverse effect on 
the mechanical properties and it is necessary subsequently to 
restore the properties by normalising or oil hardening and 
tempering. 
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Fig. 10. Typical Form of Equipment for Vacuum Stream 


Degassing 


The time necessary for the diffusion treatment is propor- 
tional to the square of the diameter and for forgings of large 
cross-sectional area the treatment time may amount to 
hundreds of hours. There is therefore an obvious advantage in 
reducing the hydrogen content of the steel by means other 
than diffusion. and several methods have been developed to 
degas the molten steel. Probably the best known and most 
commonly used of these is the vacuum stream degassing 
process developed by Messrs. Bochumer Verein in Germany. 
The equipment for this process consists essentially of a eylin- 
drical steel chamber fitted with a gas tight removable top. The 
chamber is connected to a series of mechanical vacuum pumps 
or to steam ejectors or to a combination of both. An ingot 
mould or empty ladle is set up in the chamber which is then 
sealed and a high vacuum drawn. Figure 10 illustrates the 
equipment with a ladle in the vacuum chamber. The tapping 
ladle containing the molten steel is then located on top of the 
chamber, on a special seal designed to prevent the admission 
of air when pouring commences. The stopper in the tapping 
ladle is then opened and the stream of molten metal quickly 
perforates an aluminium disc fitted to the top of the chamber, 
and enters the vacuum chamber. The reduced pressure in this 
chamber causes the stream to break up into tiny globlets which 
are rapidly degassed. The capacity of the pumping equipment 
must be sufficient to draw off all the evolved gases and to 
maintain a high vacuum until pouring is completed. The 
pressure in the chamber is then restored to atmospheric and 
the ladle removed for pouring either into a mould for a casting 
or into a number of small ingot moulds. When an ingot mould 
is set up in the chamber, the molten metal is allowed to 
solidify under atmospheric pressure, before removing the mould 
from the chamber and stripping the ingot in the usual manner. 

A substantial reduction is obtained in the hydrogen content 
of the steel using this method but generally for forging the 
amount of hydrogen remaining is still sufficiently high to 
warrent some form of safety annealing. In this connection the 
following treatment times (Reference 8) illustrate the reduction 
which can be safely used for large forgings made from large 
ingots which have been vacuum stream de-gassed. :— 


Diameter of Efficient Diffusion Treatment 


forging Time, hours 

mm. Air cast ingots Vacuum cast ingots 
600 360 144 
800 640 256 

1000 1000 400 

1200 1440 576 

1400 1960 784 

1600 2560 _ 

1800 3240 1296 

2000 4000 1600 


In addition to removing hydrogen, vacuum degassing also 
reduces the nitrogen content by a variable amount depending 
on the type of steel being treated. It is also claimed that the 
oxygen content is reduced, resulting in cleaner steel with 
enhanced ductility values especially from the centre of large 
forgings. To obtain the maximum reduction in oxygen content 
and the cleanest steel, it would appear that the molten steel 
should not be deoxidised with silicon prior to vacuum de- 
gassing. At this stage the oxygen will be present as ferrous 
oxide, FeO, and will be more or less in equilibrium with the 
carbon content. Under vacuum de-gassing conditions the 
following reaction :— 


FeO+-C = Fe+CO 
will proceed to the right because of the reduction in the partial 
pressure of carbon monoxide and the amount of FeQ present 


will be reduced. In these circumstances carbon is acting as an 
effective deoxidising agent to give a gaseous product unlike 
deoxidation with silicon or aluminium where the product is a 
solid oxide which may contaminate the finished steel. 


Continuous Castine 

This is the second of the major innovations in steel processing 
which have been developed in the post-war period. In continu- 
ous casting molten steel is formed directly into billets and slabs 
which after reheating can be rolled into finished products. The 
-asting of the steel into small ingot moulds and the subsequent 
roughing in a cogging mill are thus eliminated with substantial 
savings in cost. In addition, a higher yield is obtained as there 
are no top and bottom discards to be allowed from each ingot. 
The finished product is also more homogeneous as, because of 
the smaller cross-section of the steel as cast, the amount of 
segregation is reduced. Normally less hot work will be carried 
out during rolling but in conventional practice the amount of 
work is usually excessive for small sectioned products because 
of the practical difficulties in casting ingots of suitable cross- 
section, and in most cases with continuous cast billets or slabs. 
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Fig. 11. Vertical disposition of main parts of single-strand 
continuous casting machine developed at Barrow (side view) 


it is possible to ensure that sufficient work is carried out to 
break down the coarse cast structure and produce a_ well 
refined grain size in the finished product. 

The process in various forms has been developed by four 
different groups. One of these groups is Russian, another 
German and the remaining two represent British and Contin- 
ental interests. In this paper the plant developed by the 
Barrow Steel Works Ltd. will be described in some detail, but 
the plants developed by other groups are on broadly similar 
lines. 

The essential features of the Barrow plant are illustrated 
in Figure 11. A lip pouring ladle with a lid to conserve heat is 
used to supply the molten steel to the casting machine. This 
ladle has an internal refractory bate attached to the lid near 


the lip which gives a tea-pot effect and ensures the supply of 


metal free from slag. The steel enters a water cooled mould wia 
a tundish fitted with an anti-swirl nozzle and rapidly forms a 
solid skin. The mould walls are lubricated with rape oil and 
the mould is reciprocated vertically in order to prevent ad- 
herence of the solidifying steel. The emerging billet is drawn 
down through a series of water sprays to complete solidification 
and after passing the withdrawal rolls is bent through 90°, to 
straightening rolls. Here the billet is discharged in a horizontal 
direction and is subsequently cut into suitable lengths. To 
start the plant it is necessary to fit a dummy billet which closes 
the bottom end of the mould and serves to draw the first 
material to be cast through the machine. This dummy billet 
consists of a number of straight lengths attached together by 
means of joints of the cotter pin type. As casting proceeds 
these dummy lengths are removed below the withdrawal rolls 
until the hot billet emerges which is then guided into the 
bending, and straightening rolls. 

The control of the machine is rather critical as it is essential 
to maintain the height of metal in the mould at a constant level 
and elaborate mechanical and electrical equipment is necessary 
to achieve this, with the controls centralised on a platform 
adjacent to the mould. Originally this mould was machined 
from a split block of copper with vertical holes for water 
cooling but tubular copper moulds with an outer water jacket 
have now been evolved. 

The process has been used successfully for casting various 
types of killed steel, for 18/8 austenitic steel and even for 
rimming steel. High quality billets and slabs can be consis- 
tently produced although on occasion defects, similar in 
character to those found on material produced by conventional 
methods, do occur. 

The Society has had very little experience in the inspection of 
material produced by this process, but it would seem that a 
high degree of consistency in the finished product will be 
obtained. For batch tested material it is suggested that samples 
for test purposes need only be taken from the first and last 
billet from each cast, provided all the billets are rolled to the 
same approximate size. This procedure might even be applied 


11 


to boiler quality steels where normally a higher frequency of 
testing is required. Billets produced by this process have a 
coarse columnar structure and it is essential that further work, 
either by rolling or forging, is carried out to refine the structure 
and consolidate any looseness at the centre. 


Furure Prospects 

The most important development in the post-war period has 
undoubtedly been the introduction of the oxygen processes for 
steelmaking. These have been aimed at the increased produc- 
tion of high quality steel from all types of iron. It is considered 
in certain quarters that the processes now available may not 
be the ultimate development in oxygen steelmaking, and that 
a process using combined bottom blowing with air and top 
blowing with oxygen may be another step forward. 

Vacuum degassing. continuous casting and other develop- 
ments such as vacuum remelting and electro-slag remelting 
have not yet been used commercially on a large scale. This 
is likely to take place in the immediate future and should 
contribute to an improvement in the quality of many products. 
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INVESTIGATIONS INTO THE USE OF FORK LIFT TRUCKS ON BOARD SHIP 


By W. SMITH 


INTRODUCTION 

With the increase in mechanical handling of cargo, especi- 
ally palletisation, in recent years, deployment of fork lift 
trucks in ships’ holds and “tween decks as well as on the quay 
and in the sheds has occurred. For some years small light 
trucks have been used in association with certain trades, e.g. 
the fruit and wool trade of Australasia, where the cargoes were 
bulky rather than heavy. However, recently there has been a 
desire to increase the scope of the trucks and to use them in 
the handling of heavier general cargo. To this end larger and 
more versatile trucks have been designed with many attach- 
ments, enabling a varied assortment of cargo shapes and sizes 
to be handled. With the large increase in weight involved the 
feasibility of their use without damage to ships’ structure and 
deck coverings has been questioned. 


TRUCK SPECIFICATIONS 

The trucks normally used on board ship are designed to 
carry the load forward of the front wheels, manceuvring with 
the rear wheels, the operator sitting within the wheel base. 
The load is carried on a fork piece which extends in front of 
the truck anything up to 60 in. This can be raised and lowered 
on a mast which may vary from 6 ft. to 36 ft. tall, the actual 
dimensions depending on the specification. It may be men- 
tioned in passing that difficulty is often encountered in “tween 
decks where there is a hatch coaming and deep hatch side 
girder restricting the height, since few trucks have an overall 
height less than about 6 ft. Further, since the unladen weight 
of the truck may be as high as four tons, it is not recom- 
mended that the truck be lowered on to wooden hatch boards. 

Many wheel arrangements are possible ; there may be single 
wheels and two axles, giving a wheel at each corner like a car, 
or the front axle may have “twin” or “dual” wheels, i.e. a pair 
of wheels at each end of the axle like the rear wheels of a 
lorry. The rear or steering wheels may be on the longitudinal 
centre line either as a single or dual wheel, giving with the 
front wheels a tricycle arrangement. The wheels may have 
hard rubber, soft rubber, i.e. cushion, or pneumatic tyres, 
either a smooth tread, or a deep tread like a farm tractor, and 
the overall diameter may vary from 9 in. to 36 in. 

The power unit is also available in different forms, from 
battery electric to internal combustion using petrol, diesel, 
paraffin or natural gas. Fumes from i.c. engines, however, may 
prove dangerous in confined spaces. Top speeds normally vary 
from 4 to 1S m.p.h. 

Normally, attachments are available as accessories for use 
with particular types of cargo. For example, if heavy cylindri- 
cal objects such as large oil drums are being carried the forks 
may be removed and replaced with lazy tongs which can pick 
up and grasp individual items, or a boom with a crane hook 
may be substituted and items slung from it. 

As was mentioned previously, light trucks have been used 
for fruit in Australia for some years. However, inherent in 
the design of the light truck is its inability to handle heavy 
cargoes due to a lack of stability. The allowable capacity of a 
truck is governed by the weight of the unladen truck since 
it is this which counterbalances the load about the front 
wheels and must be such that, with full load, the rear, 


steering, wheels have sufficient adhesion for manceuvring. The 
trucks are normally designed to tip when loaded to 125 per 
cent of the capacity of the truck, and since the adhesion of 
the rear wheels is the design criterion, the capacity is designed 
as a certain load at a given centre, e.g. 5,000 Ib. at 24 in. 
centres refers to the truck being designed to carry 5,000 Ib. 
with a centre of gravity 24 in. forward of the fork heel. 
Thus the load which a truck can carry will be governed not only 
by the weight of the load, but also by its size and shape as 
this will determine the position of the centre of gravity. Most 
trucks therefore can be upgraded in capacity by attaching a 
ballast weight to the back of the truck, as is often done by 
the manufacturers, but this should never be done without their 
guidance as other items may also need consideration. Serious 
accidents may occur by indiscriminate overloading. 

To obtain accurate information on trucks manufactured in 
the U.K. the makers’ specifications were obtained and 
analysed. This showed that a reasonable approximation to the 
total weight of truck plus load may be obtained if the follow- 
ing formule are used: — 

For trucks carrying up to two tons the total weight of truck 
plus load is three times the weight of the load. 

For trucks carrying two to six tons the total weight is twice 
the load plus two tons. 

These apply for all types of normal trucks, but not for 
trucks which have been upgraded as these will be slightly less. 


INITIAL INVESTIGATIONS 

The first of many enquiries addressed to the Society 
occurred in April, 1960. Our opinion was requested as to the 
possibility of using a fork lift truck for stowing lead ingots 
in a ship without damaging the structure or any ceilings or 
insulation which might be fitted. 

At this time it was thought that a stress analysis of the 
plating in the regions involved would furnish results appro- 
priate to a plate under the very locally applied loads of the 
wheels. Accordingly, an analysis as shown in Appendix I was 
carried out and it was found that relatively low wheel loads 
(from those found in most practical trucks) induced high 
stresses in the plating. If a working stress of 14 tons/in.* is 
used the following results : — 


Plate thickness, ins. ... 0°25 0:30 0-35 0:40 0°45 9-50 


Allowable wheel load, 


tons ae . 1205 eat) evar 2°43 


It would thus appear that the use of trucks in ships would 
be limited to the tank top since the use of such light trucks 
in the normal “tween decks would be uneconomical or, in 
fact, impossible, whereas to increase the “tween deck thick- 
nesses to accommodate the heavier trucks would be pro- 
hibitive. 

It should be appreciated, however, that the above formula 
is derived from small deflection theory, i.e. plate deflection to 
be less than half the plate thickness which would not be the 
case in the use of the trucks and further, since the plate was 
simply supported, any alleviation from membrane stresses was 


ignored. The fact that the edges had no restraining moments 
was thought to have little effect, since the plate and beams 
were so flexible that edge effects would be very local. 

The effect of membrane stress, if large enough to be 
important, was difficult to assess, since this is governed by 
the stiffness of the surrounding structure which determines 
how much the adjacent beams will move towards one another, 
and so affects the magnitude of the deflection which, in turn, 
determines the stress under the load by changing the radius 
of curvature. Thus a high membrane stress reduces the bend- 
ing stress under the load. 

Later in the year an urgent request was received from a 
local shipping firm who wished to introduce trucks for the 
stowage of general cargo. Since no definite answer could be 
given, it was decided that, with the co-operation of the firm 
involved, a ship would be made available to enable an 
investigation to be carried out to determine the stresses 
involved when a fork lift truck traversed a ship’s deck. 

To avoid taking the ship out of service, it was agreed to 
have one “tween deck cleared of cargo first, and then to carry 
out the test while the ship was discharging and loading cargo 
in the other spaces. This gave approximately 36 hours for 
instrumentation and experimental readings. To avoid delay in 
erecting staging for access to the underside of the deck, a 
three-deck ship was chosen and the second deck used for the 
experiment. 


INVESTIGATIONS ON BOARD SHIP 

The first practical investigation was carried out on board 
ship at Liverpool in February, 1961, during the normal turn 
round of the ship. The truck available was of the type norm- 
ally used by stevedores in the sheds, and weighed just over 
four tons unladen with a 75:25 per cent rear to front distribu- 
tion. 60° rosette strain gauges were used as shown in Fig. 1. 

The position of the key or No. | gauge was marked on the 
upper side of the deck from measurements to the beam and 
deck seam. The truck was run empty over the gauged area a 
few times to settle the cement and eliminate any hysteresis 
effect in the gauges. Various loads were available, and from 
weight and distance data the load on each wheel could be 


Shell 


= Frame spacing 32 


Deck 0-36" 


calculated from the original wheel loading obtained by run- 
ning first the front and then the rear wheels of the empty 
truck on a weighbridge. The truck was positioned successively 
with the centre of one of the front wheels over the mark on 
the deck and readings obtained for each wheel load. After the 
static tests the gauges were connected to the dynamic recorder 
and the truck driven back and forth several times so that the 
wheel travelled centrally over the mark on each occasion and 
this was repeated for each load. 


Analysis of the results showed that the experiment was 
much more intricate than had been expected. The stresses in 
the plating which were expected to be local proved far more 
local than had been anticipated and it was found that stresses 
within a short distance of the wheel had fallen to negligible 
values. From this it can be seen that the position of the wheel 
relative to the gauge is very critical if the maximum plate 
stress is to be measured accurately. The general level of the 
peak stresses did show, however, that it would be economical 
to design ships’ decks for the use of fork lift trucks. The 
dynamic readings were even more erratic than those of the 
static case, and it was obvious that on many occasions the 
centre of the wheel had been some distance from the centre 
of the strain gauge. The maximum dynamic readings for the 
various loadings when compared with the static readings 
showed no obvious increase due to the rolling load. While the 
experiment had not been precise enough to allow any concrete 
conclusions to be drawn, it did show the general trend of the 
stresses and stress patterns and proved the feasibility of using 
such trucks for cargo handling on board ship. A typical stress 
pattern is shown in Fig. 1. 

A few months later it was found convenient to carry out a 
further series of tests on another similar ship of the same 
owners at Glasgow. With the knowledge gained in the previ- 
ous test the strain gauge area was reduced to an area 
16 in. x 12 in., i.e. half the frame space and 12 in. athwart- 
ships. The upper surface of the deck was also gauged in two 
positions as near as possible directly above two of the under- 
side gauges so that the membrane stresses in the deck might 
be ascertained. The strain gauge layout is shown in Fig. 2. 
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In order to find exactly the position of the wheel which gave 
the maximum strain reading in No. | gauge, the following 
procedure was adopted before commencing the tests. The 
estimated position of the No. 1 gauge was marked on the top 
surface of the deck, a set of rectangular axes was drawn 
through this spot and the truck positioned with a front wheel 
on the axis. The truck was moved along each axis in turn in 
about inch increments and readings taken for each position. 
This enabled co-ordinates to be found and marked where the 
truck wheel would record the maximum strain on the gauge 
so that during successive loadings the wheel could always be 
returned to the same position. As before, truck data was 
obtained which enabled the load on the front wheel to be 
calculated. 

During the dynamic tests an attempt was made to control 
the course of the truck by keeping the edge of the wheel 
rubbing along a wood batten. However, the latter tended to 
flex and it proved to be impossible to be certain that the 
wheel traversed the exact position which would give the 
maximum stress. Observation of the truck during the dynamic 
effect showed that on occasions when the truck was fully 
laden, the rear wheels tended to lift clear of the deck when 
in motion and the truck would oscillate about the front axle 
so that the scraping of the toe of the forks on the deck could 
be quite plainly heard. This occasional oscillation arose when 
the speed of the truck was such that the frequency with which 
the truck met the ridge caused by the beams was the same as 
the natural frequency of the truck oscillation about the front 
axle. As the truck traverses each beam space the front wheels 
which carry the most load cause quite large local deflections 
of a temporary nature in the deck plating between the beams, 
and the effect is similar to a ship steaming into waves, so that 
at certain speeds the whole weight of the truck and load is 
carried by the front axle. This oscillation was observed to 
occur infrequently, and then only for a very short time over 
two or maybe three frame spaces. Attemps to induce it over 
the gauged area were not successful. An approximation to 


POSITION OF WHEEL CENTRE FROM DATUM 


x inches 0 1 2 1 —2 —1} —1I4 14 It 
y inches 0 0 0 0 —2 1 2 3 
STRAIN GAUGE READING (MICRO-INCHES) 

Gauge ©, 145 | 160 | 155 | 145 | 130 so | 225 | 265 | 160 

Gauge e, ...| 340 | 335 | 295 | 320 | 270 | 290 | 375 | 420 | 380 

Gauge €5 260 180 150 340 380 90 420 410 390 

Gauge se 745 675 | 600 805 +780 | 460 1020 | 1095 | 960 
Gives=— 1} in. Gives= + 1} in. 


Position of gauge from datum=—1} in.+ 1} in. 


this effect was attempted, however, by stationing the truck as 
in the static test and suddenly moving backwards, but the 
rear wheels were never lifted clear of the deck. 

The results on this occasion proved much more accurate 
than in the previous experiment. The table shows the 
effect of wheel position on the stress at No. | strain gauge, 
and from this it can be seen just how sensitive the stress is to 
the position of the wheel, and how difficult it is to be certain 
that the wheel in the dynamic test exactly traverses the right 
spot. 

Since only one thickness of deck 0°37 in. and size of frame 
spacing 33 in. was investigated, the only relationship which 
can be assessed is that between load and maximum stress, and 
is shown in the graph plotted in Fig. 2. 

It will be noted that in this figure stresses are shown 
which are in excess of the yield stress of the material, i.e. 
about 16 tons/in.*. This is due to the assumption, which 
was made for all these investigations, that the relationship 


Stress = Young’s Modulus x strain 


applies to all strain readings. The reason for this assumption 
arises from consideration of the stress-strain diagrams for 
mild steel. The stress-strain relationship is constant up to the 
elastic limit at a strain of approximately 0°0012 after which 
the strain increases to about 0°02 due to a stress increase of 
less than 1 ton/in.*. Since the maximum strain recorded on 
any gauge in any test never exceeded a strain of 0°005, results 
plotted as true stress would have the same value for all strains 
between 0°0012 and 0:005, whereas assuming a constant 
relationship the respective stresses would be 16 tons/in.? and 
67 tons/in.*. To give a true picture, therefore, loads should 
be plotted against strain, but since actual strain values usually 
convey less than stress values to many people, it was decided 
to assume a constant value for Young’s Modulus throughout, 
and so, in effect, plot factored strain values. 

As previously explained, the dynamic tests were not a com- 
plete success, the maximum stress occurring never significantly 
exceeding the static stress and, due to the time factor involved, 
an exhaustive investigation could not be carried out. It would 
appear reasonable, however, to assume from observation of 
the truck, that the maximum stress to be expected would be 
equivalent to a static axle load equivalent to the total weight 
of the truck plus load, i.e. the load on the front wheels when 
the rear wheels are lifted clear of the deck. 

During the previous experiment a request for information 
was received from a Continental shipping firm who had new 
tonnage on order and wished to incorporate deck thicknesses 
which would allow the use of fork lift trucks for cargo hand- 
ling. Arrangements were made to carry out tests on board a 
ship already in service which was similar to those about to be 
built. The ship was laid up for overhaul and it was found 
possible to have the use of the ship for a few days. For the 
investigation a forward hold and ‘tween decks were chosen 
which had various deck thicknesses and frame spacings and, 
in addition, two dissimilar fork lift trucks were available so 
that a more complete investigation could be attempted. 

As before, a small area of the underside of the deck, 
16 in. x 12 in., was strain gauged with further gauges on the 
upper surfaces, and it was also possible to fit deflection gauges 
to the heels of the adjacent beams and one under the key 
No. 1 gauge. Other regions of the deck were gauged with a 
simplified lay-out consisting of three gauges, where different 
thickness or frame spacing occurred. The availability of two 
trucks enabled the effect of four different wheel sizes and a 


wide range of loadings to be studied. Dynamic readings were 
again attempted and, to keep the truck on a planned course, an 
outrigger with a pointer extending to within an inch of the deck 
was firmly attached to the truck, and the driver instructed 
to try to keep it on a straight chalk line extending the length 
of the ‘tween deck. The instant the wheel of the truck was 
over the gauge, it interrupted a light beam focussed on a 
photo-electric cell which was connected to the recorder, and 
a mark was made on the trace of the stresses. However, once 
more it was found very difficult to keep the truck accurately 
on course, but, since many runs were made, it was felt that 
the maximum stress recorded might well be the maximum 
occurring. Further tests were carried out starting in both 
directions suddenly and raising and lowering the load sharply, 
with the truck in the static position. After all tests were com- 
pleted the deck was drilled at each station and the thickness 
measured. 


LOADING DATA 

Two trucks were available with wheelbases of 48 in. and 
tracks of 33 in. with tyres of the solid rubber “cushion” type. 
The truck data was :— 


Truck A—Unladen wt. 2°84 tons. 
Front wheels 16 in. O/D x6 in. tread, 14 in. 
thick tyre. 
Rear wheels 12 
thick tyre. 


in. O/D x4 in. tread, 14 in. 


Load 


ton 
ton 
ton 


Front wheel 
Rear wheel 


Truck B—Unladen wt. 4°634 tons. 
Front wheels 23 in. O/D x 94 in. tread, 3 in. thick 
tyre. 
Rear wheels 17 in. O/D x 5 in. tread, 24 in. thick 
tyre. 


Load 
ton 
ton 


Front wheel 
Rear wheel 


The available deck thicknesses were 0°315 and 0°344 in 
association with 24 in. frame spacing and 0°364, 0°394 and 
0°413 in association with 32°5 in. frame spacing. The 0°394 
in. thick deck was the main strain gauged area while the 
other thicknesses carried three gauges each. 

The results of the different loads are given in Fig. 3 which 
shows that wheel size has apparently little effect on the stress 
and that a constant stress-load relationship occurs over much 
of the loading range until the elastic limit of the plate is 
reached, when a different but still constant relationship ensues. 
This is duplicated where deflection is plotted against load, and 
it will be noted that the permanent set does not occur until 
the gradient of the curve changes, thus showing the onset of 
plastic strain. However, even when the plate is loaded beyond 
the yield point the permanent set is insignificant for the range 
of loading considered and is quite invisible to the naked eye. 

Fig. 4 shows the effect of the plate thickness on the stress 
for a constant load, though the frame spacing was also 
changing. No reason can be given for this unexpected 
anomaly which satisfactorily explains the results. However, 
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it may have been that, while the main area investigated, i.e. 
0°394 in. plate, was approximately at the half length of the 
‘tween decks, the others all lay between the deep hatch end 
box beams and the end bulkheads which were only about 8 ft. 
apart, and so the close proximity of the thick top plate of the 
hatch end beam and the bulkhead had some effect on the 
stresses as had the hatch side girder, the large centreline web 
and a 3-ft. square access hatch in the deck. Unfortunately, 
due to the positions of the different thicknesses. these posi- 
tions could not be avoided. 

The dynamic test results are shown in the Table for the 
heavier truck carrying various loads, and it will be seen that 
the dynamic increment varies widely. These results were 
abstracted from a large number of runs and are the maximum 
recorded for each load and in no case are they greater than 
the increment which would be obtained by tipping the truck 
until it was balanced on its front axle as was seen to occa- 
sionally happen when the truck was running fully loaded. 

From the preceding investigations it will be appreciated that 
control of all the variables and accurate results could not be 


TABLE OF DYNAMIC RESULTS 


Wheel load, ton 2-65 


Static Principal 


Stresses 22:6, 17-4 | 25:6, 20-2 t/sq. in. 


Dynamic Princ. 


Stresses 29-2, 22-0 t/sq. in. 


Dynamic 
increment +-5,+°8) —-]1, 


to 


+3-6, +1-8 t/sq. in. 


Dynamic 
increment % 4-5, +10| —:5, +1 


obtained without a large number of exhaustive experiments 
which, if carried out on board ship, would require a great 
deal of co-operation from and inconvenience to the ship- 
owner, and would also involve a considerable expenditure of 
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time and money. From these experiments the following deduc- 
tions could, however, be made: — 


(a) The area of plating involved was relatively small as was 
shown by the rapid decrease in plate stress with distance 
from the load. 

No interaction between wheels at each corner of the truck 
occurred. 

(c) Support conditions of the plating a short distance from 
the load were immaterial so long as the plate was kept 
taut. 

Dynamic tests could be neglected if it was assumed that 
the weight of the truck plus load all came on the front 
wheels. 

These four conditions can be relatively easily achieved in 
the laboratory and so it was decided that full-scale tests could 
be carried out at Crawley where all the variables to be 
investigated could be adequately controlled. 


(b) 


(d) 


LABORATORY INVESTIGATIONS 


Preliminary preparations were commenced in August, 1961. 
The first necessity was a strong and inflexible rig to which the 
specimen of deck plating could be attached, and for this a 
large stiff cross-braced box, open top and bottom, was fabri- 
cated from thick steel, along the top sides of which were 
welded angle irons drilled with half inch holes at 6 in. centres 
to accept the specimen. When completed the structure was 
embedded in concrete to within 3 in. of the top face of the 
angle, while a rectangular recess was left at the centre to 
accommodate a hydraulic jack for loading purposes, the 
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pressure lines of which were led through a small tunnel to the 
external hand pump. On the pump a large-dial pressure gauge 
indicated the loading on the jack and this was regularly cali- 
brated in increments of } ton on one of the laboratory testing 
machines. A section through the test rig is shown in Fig. 5. 

Twelve plates were investigated over a range of thicknesses 
from 0°26 in. to 0:58 in. each plate being 9 ft. long by 6 ft. 
6 in. wide. Beams were represented by two 6 ft. 6 in. angles 
6 in. x 34 in. x +4 in., which for the first test series were 
spaced equally on either side of the centre of the length to 
give a spacing of 32 in. The angles were continuously welded 
to the plate and had 6 in. x 6 in. tripping brackets at each 
end. Later, to find the effect of beam size, and also stiffness, 
compound angles were made up by welding two stiffeners 
heel to heel. 

The fork lift truck wheel was simulated by the hydraulic 
jack and a load pad. For those trucks which have only two 
wheels on the front axle the pad was a segment of a solid 
cylinder 24 in. diameter by 9 in. long, whereas for a truck 
with dual wheels, i.e. two pairs of wheels on the front axle, 
the length of the cylinder was increased to 16 in. and a | in. 
wide recess machined about an inch deep half way along to 
give the effect of two wheels. Tyres were represented by 
9 in. x 9 in. pads of 1 in. thick hard rubber which was placed 
between the plate and the steel “wheel” ; any thickness of tyre 
could then be built up in increments of | in. 

Three plates in the range to be tested were strain gauged 
completely in order to confirm that the test stress pattern was 
similar to that experienced on board ship. As the plate was 
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symmetrical, only one quarter required to be considered and 
this was gauged in about 30 positions as shown in Fig. 6, 
many of the gauges being duplicated on the other side of the 
plate. Subsequent plates were only partly gauged, seven gauges 
being used for the single wheel tests and nine for the dual. 

Deflections of the plates were measured with micrometer 
clock gauges along each centre line and a check to confirm 
that the plate did not move axially was obtained by position- 
ing two gauges on each side of the plate, one reading the 
movement of the edge of the plate and the other the edge 
of the angle irons of the rig. No movement occurred on these 
latter gauges. The number of clocks was subsequently reduced 
to three, one on the heel of each beam at the centre and one 
at the centre of the plate where the load was applied. 

After the plate was strain gauged it was placed on the rig 
and drilled in position. Half inch bolts at 6 in. centres attached 
the plate to the rig in addition to tapered dowells driven firmly 
home at 3 ft. centres, ensuring that the plate was held taut 
when loaded. The strain gauges were connected via switch 
boxes to the strain meter and aluminium beams over the plate 
carried the micrometer clock gauges. 

Each test was commenced by applying an arbitrary load 
several times to settle the bolted connections and cycle the 
gauges, thus giving a steady zero. With the load completely 
off the plate, the zero readings were taken on the micrometer 
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clocks and the strain meter. Incremental loadings were then 
applied and the relative readings noted, returning to zero 
between each increment for a zero load reading. Loading 
was continued until the zero strain gauge readings began to 
differ showing the onset of plastic strain, i.e. the yield point of 
the material having been exceeded. This occurred invariably 
on the centre gauge directly under the applied load, and con- 
siderable permanent strain could be recorded on this gauge 
before any of the adjacent gauges showed a similar effect, 
although only 2 in. or at the most 3 in. away. At this stage 
the permanent set recorded on the clock gauges was still 
insignificant. 

A typical result from the tests on the initial three plates is 
shown in Fig. 6. Bearing in mind that, apart from the key 
gauge, the relative positions of the gauges will differ slightly, 
then doubling the values of the ship test in Fig. 2 allows 
Figs. 2 and 6 to be compared. The very favourable com- 
parison indicates that the tests carried out in the laboratory 
are equivalent to those carried out on board ship. The number 
of gauges used on each plate were now reduced, and for the 
remaining tests only seven gauges were used, the key gauge 
and two along each centre line of the plate, with a further 
two on the same side of the plate as the wheel, so that mem- 
brane stresses could be found. 
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Errect OF PLATE THICKNESS 


The first series of tests was to find the relationship between 
load, stress and thickness with all else constant. The beam 
spacing chosen was 32 in. with continuous welded 6 in. x 
34 in. x 4 in. angle beams and a single 24 in. diameter by 
9 in. tread wheel with a | in. thick hard rubber tyre. The 
complete tests results for the 0°44 in. plate are shown in 
Fig. 7, being representative of all the results. 


The stress directly under the load is seen to increase linearly 
with the load to almost the ultimate of the material when 
there is a sharp change in the slope to a much steeper gradient. 
It will also be seen that just about this discontinuity perma- 
nent set occurs in the gauge showing that the surface of the 
plate is no longer returning to its original position. Since the 
gauge shows stresses higher than the yield point of the 
material, it would appear that the yielding must be occurring 
over a very small depth of plate below the surface and that 
the energy in the material due to the bending stresses must 
be sufficient to return the local surface material to its original 
position. The sudden change in gradient occurs when this 
internal energy is insufficient to overcome the amount of 
plastic flow and the plate behaves as would be expected when 
the yield point is reached, i.e. large increases in strain occur 
for small increments in load. 
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No. 2 gauge exhibits similar characteristics but here the yield 
stress is lower than that of the key No. | gauge, and also the 
load at which it occurs is slightly greater. If it is assumed that 
this is due to the area in plastic strain increasing as further 
load is applied, these results are what would be expected. 

A further indication that plastic yielding takes place at the 
change in slope of the load v. strain lines is that permanent 
set on the gauges only becomes apparent at these points as 
shown by the lines of permanent set for gauges Nos. | and 2. 

The plot of gauge No. 4 which is a few inches from gauge 
No. 1, towards the beam, also shows an interesting feature. 
The load-strain relationship is constant until yielding occurs 
at the centre line, gauge No. 4 then decreases in gradient; 
this is a further indication that a plastic hinge is beginning 
to form along the mid-beam centre line. In the elastic range 
the plate behaves somewhat similarly to a beam in that it 
takes the form of a curve, and strains the outer fibres. After 
yielding at the centre, however, the plate tends to take the 
form of two straight sides with a hinge in the centre, so at 
the position of gauge No. 4 the rate of increase in curvature 
with load decreases, and since the rate of increase in curvature 
decreases the rate of increase in strain of the outer fibres also 
decreases. Thus, the rate of strain increase with load 
decreases, and hence the slope of the load v. stress line also 
decreases. 
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The occurrence of this type of failure is also evident if the 
remaining gauges are considered. When a fork lift truck 
traverses a deck, apart from the deflections of the plating 
between the beams due to the wheels, the whole deck deflects 
locally round the truck and no hard spots occur at the beams 
adjacent to the wheels. The effect of this is that the curvature 
at the adjacent beam lines is relatively slight and is the 
opposite to the curvature under the wheel. This is evident if 
gauges Nos. 5 and 5A are considered. Here, the minimum strain 
is seen to occur on the same side of the plate as the beam and 
and is compressive, showing the presence of this reverse curva- 
ture. However, the strains in this region are relatively small 
compared with those under the wheel and so show the curva- 
ture to be small and the rate of curvature to be decreasing 
with load. 

The results of gauge No. 3 on the other hand are the con- 
verse of this as would be expected from its position. Since 
this gauge lies on the mid beam centreline, it is in the line of 
the plastic hinge, and hence the rate of strain slightly increases 
with load as was experienced with the other gauges on this 
line, i.e. gauges Nos. | and 2. 

While these changes are shown quite clearly on the strain 
gauges, the effect on the deflections is much less apparent, 
though it may still be discerned. Up to a load of 2} tons the 
centre deflection has a slight tendency to increase less with 
each increment of load, whereas above this load the slope 
becomes steeper showing the effect of yielding having occurred 
at the change in slope. The maximum deflection recorded was 
about half an inch at 44 tons at the wheel position measured 
relative to the beams, but this only induced a permanent set 
of °060 in. 

The strain v. load curves for the key gauges on the different 
plate thicknesses tested are shown in Fig. 8 and it will be 
seen that they all have the same form. Each curve occurs in 
two separate parts, the discontinuity recurring at yield. It is 
interesting to note that the yield strain is approximately con- 
stant for all plate thicknesses, and this discontinuity therefore 
would appear to be the ultimate strain which could be accepted 
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for design purposes, since above this, regions of permanent 
strain would appear on the surface of the plate and these 
may lead to early failure from fatigue. For strains below the 
discontinuity, it would appear reasonable to expect little 
trouble from fatigue, since the area under high stress is very 
small, as seen in Fig. 6, and the number of times this stress 
would be induced at the same point of the plating during a 
loading operation would appear to be small, as the truck 
would require to move over exactly the same spot each time. 
Fatigue life, on the other hand, is relatively high for stresses 
much below yield. 


EFFECT OF STIFFENER SPACING AND STIFFNESS 

The second series of tests was carried out to find the effect 
of beam spacing and stiffness. The spacings considered were 
24 in., 28 in., 32 in. and with no stiffeners at all on the plate. 
The effect of stiffness was investigated by increasing the 
modulus of the beams by welding a similar beam to the heel 
of the beam already welded to the plate. 


The results are shown in Fig. 9 and it is apparent that the 
effect of altering the above variables are relatively small. The 
differences which do occur are as might be expected, in that 
the stress increases with stiffener spacing. If the maximum 
allowable stress is considered, however, the variation in load 
is no more than + 10 per cent about the mean value for the 
range 24 in. to 100 in. The mean value is for a spacing of 
30 in. to 32 in., the size which is liable to occur most often in 
practice. 

The relatively small increases in stress may be explained in 


the following manner. Consider the engineer’s bending 
E 
moment formula —=—=— this being similar to plate 
y 
bending formula, then the stress under the load is a direct 
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centre increases relative to the beams, but the curvature 
remains almost the same, due to the plate acting partly as a 
membrane, and since the curvature is almost constant the 
surface strain must also change very little. The same reasons 
apply when the stiffness of the beams themselves is altered 
within the limits to be expected. The overall deflection will 
increase with decrease in stiffness due to the less stiff beams 
deflecting further than a heavier beam, but the overall curva- 
ture will remain roughly constant. Thus, beam spacing and 
stiffness have only limited effects on the plate stress. 

It is convenient to consider at this point the effect of fitting 
intercostal members at right angles to the beam lines. Referring 
to Fig. 6 it is seen that the stress, and hence deflection, has 
fallen to only 20 per cent of the maximum stress at a distance 
of 12 in. along the mid beam centre line from the load. If 
intercostals were to be effective, therefore, they would have 
to be placed not much further from the load than this point 
so that a square grillage would be formed. If the intercostals 
were placed twice as far apart as the beams, they would have 
negligible effect on the maximum stress. Thus, intercostals 
can only be considered effective if at the same spacing as the 
beams. 

Errecr OF Tyre THICKNESS AND DuAL WHEELS 

Following the investigation on the effect of stiffener 
spacing was that of tyre thickness. The results in Fig. 10 show 
that doubling the tyre thickness had very little effect on the 
stress, Whereas removing the tyre completely and applying the 
bare wheel to the deck reduced the stress at the centre, but 
increased it at the wheel edge. It may be deduced from this 
and tests on board ship that wheel and rubber tyre sizes as 
normally found on fork lift trucks have little effect on the 
stress and, so long as the tyre is sufficiently flexible to form an 
efficient cushion between the curvature of the plating and the 
inflexible wheel rim, no advantage is obtained by increasing 
the cushioning effect of the tyre. Considering the case where 
the plate deflects + in. in the 32 in. frame spacing, the radius 
of curvature is about 16 ft., whereas the largest tyre normally 
fitted to the trucks is no greater than 4 ft. diameter, i.e. radius 
of curvature of 2 ft. The length of tyre circumference in con- 
tact with the ground will be no more than about 6 in. in a 
pneumatic tyre and this will be insufficient to materially alter 
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the curvature of the plate but will merely take up the curva- 
ture. 

The wheel width or tread of the tyres found on the trucks 
varies from about 5 in. to 11 in. and, since the tread accom- 
modates the larger transverse curvature, the width of the 
wheel does not materially affect this curvature and so the wheel 
tread has little effect on the stress. However, in the case where 
the bare steel wheel was tested, it was noted the centre stress 
was decreased while the rim stresses increased. This arose 
from the wheel in effect, dividing the load into two parts, one 
at each edge of the tread, giving the effect of two separate 
wheels. To investigate the increase in load which could be 
accommodated by a pair of wheels, therefore, tests were 
carried out using the dual wheel simulator, and it was found, 
as shown in Fig. 11, that twin or dual wheels could carry 
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50 per cent more load than a single wheel for the same stress 
at the centre. This increase in load is due entirely to the 
ability of the dual wheels to transmit the applied loads as two 
completely separate loads to the plate, and wheel size and 
tyre thickness were again shown to have negligible effect. 


SUMMARY 


The results for the centre gauge for single wheel loading 
are summarised in Fig. 12 which shows the stresses induced 
by given loads on the plate when beam spacing, beam stiffness 
and tyre dimensions are altered. Some of the plate thicknesses 
were duplicated in the experiments and so some test result 
scatter is also present. This latter was found to be almost as 
much from two similar plates as was involved in one plate 
when the stiffeners or tyres were altered. 

The results in Fig. 12 fall into a fairly well defined 
band and if the upper edge of the band is taken as the design 
criterion, then the calculated stress from a given load and 
plate thickness should slightly exceed the actual stress in the 
plate. For simplicity it may therefore be assumed that 


Wheel load 
(plate thickness)” 


This will give a stress equal to or slightly more than the actual 
plate stress. 

Referring to Fig. 8, this shows that the maximum permis- 
sible stress which could be tolerated in the plate is 25 ton/in.* 


Stress =1°53 


Maximum principal stress at plate centre 
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without undue yielding of the surface. Therefore substituting 
this in the above expression 
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Allowable wheel load 
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33 (plate thickness)? 


= 16 x (thickness)?. 
Since the truck is known to occasionally oscillate about the 
front wheels and these will then carry all the load, it follows 
that for a truck with single wheels at the front, the allow- 
able load of truck plus load, i.e. the All-Up Weight of the 
Truck, is twice the wheel load, i.e. 


All-Up Weight of Truck =32 x (plate thickness)? 
for single wheel. 


Since it was shown that the allowable load on a twin or dual 
wheel is 50 per cent greater than on a single wheel the 


All-Up Weight of Truck =42 x (plate thickness)* 
for dual wheel. 
These values are shown plotted in Fig. 13 and enable the 
allowable all-up weight of truck which can be accommodated 


on a given thickness of deck plating to be found. Also shown 
are the loads which induced yielding in the test plates. 
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APPENDIX I 


Consider a rectangular plate simply supported at the edges 
acted upon by a concentrated load at the centre. 

A typical front wheel of a fork lift truck may be 24 in. in 
diameter and have a 9 in. tread. The area of tyre in contact 
with the deck will be of the order of 9 in. of tread by 3 in. 
circumferentially, i.e. 9 x 3 sq. in. 


From a text book by Roarke, formulz for stress and strain 
table X and example 37, there is the case of a simply sup- 
ported rectangular plate with a uniform load at the centre 
over a small circular area of radius r,, causing small deflec- 
tions, i.e. deflection <°-5t. 


Area of load=r,*=area of tyre in contact=9 in. x 3 in. 
*.h=3 


Consider an average frame space say 30 in. (=b). The length 
of plate parallel to the beam, a, is usually considerable, ie. 
hatch side to shell will be at least 12 ft. say. 
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W=wheel load m=inverse of poissons ratio=3-3 


b 
t=plate thickness «=— 
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Thus, if the span of the beam is greater than three times the 
frame spacing, “k” is approximately a constant at 0°314 and 
this will occur in practice. 


The formula thus reduces to 
3 WwW b | 


o max= X= \1+m) log, ——+m (1+ 314) 
27m | 2fo \ 
m=3°3 
30 
=0-1435 WS 4-3 log, ——-+3:3 x 1°314 
er 2c 3 
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o max=1°64 a 
Assuming a maximum working stress of 14 tons/in.* then 
for common plate thicknesses the allowable wheel load: — 


Plate thickness (in.) = *25 +30) e230 "40 | +45) °50 


Wheel load (tons) “53 


APPENDIX Il 

EQUIPMENT 

The most convenient way of finding the stresses in the 
plating of a deck or tank top is by means of strain gauges. 
As the name implies, strain gauges are devices whereby the 
alterations in dimensions of part of a surface may be meas- 
ured. Knowing the stress-strain relationship the surface stress 
may then be calculated. 

Resistance strain gauges are manufactured in many forms 
and were first evolved in the “thirties. The gauges used by the 
Society are normally of the wire type and are essentially a 
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a circumference of wheel in contact from 3 in. to 6 in. 


Then wheel contact area varies from 3x6=18 in to 


10 x 6=60 in.?. 


b : ¥ £ b : 
", 5— Varies from 2°75 to 7:5 and lose( 5 varies from 


aly aly 


1-0 to 2°01 


Lees i.e. about 


s aa W 
Thus o max varies from —- 
t 


W 
to 1°87 BP? 


+ 20 per cent about the mean value. 


zig-zag of wire bonded to a slip of paper as shown in Fig. 14 
the paper being used to insulate the wire from the plate, to 
hold the matrix in place and to facilitate handling as the 
gauges themselves are rather fragile. 


In use, as the gauge is strained, the resistance alters and 
for a constant current the voltage must alter in sympathy. 
Since the alteration in voltage is relatively small a sensitive 
instrument, the strain meter, must be used to measure it. 
Basically the instrument when connected up forms a Whet- 
stone Bridge circuit with the gauges and the balancing resist- 
ance in the instrument is calibrated so that strains may be 
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read off directly. In order to relate the change in resistance of 
the gauge to the strain, a factor known as the “gauge factor” 
is used and is determined during manufacture. The gauges 
used by the Society have a factor of about 2, but this may 
vary from about 1°8 to 2:2. 

Since the strains to be measured are relatively small, norm- 
ally measured in micro inches, and the gauge material alters 
its resistance with temperature, either the temperature of the 
test specimen, and thus the gauges, must be kept constant, or 
some temperature compensating device must be used. The 
latter procedure is the most common and temperature effects 
are circumvented by incorporating in the circuit another strain 
gauge identical to the measuring gauge but mounted on a 
small block of the test material which is placed next to the 
measuring gauge. This second gauge referred to as the com- 
pensating gauge is affected only by temperature changes and 
sO serves as a datum so that the portion of the reading on the 
measuring gauge which is due purely to strain may be found. 

A typical strain meter is shown in Fig. 14. In use both the 
measuring and compensating gauges are each connected to 
the instrument, the required gauge factor is selected and the 
strain knobs adjusted until the meter pointer is central at zero. 
The reading on the strain dial is noted and the actual strain 
in the measuring gauge is found from the difference between 
the readings obtained when no load was on the specimen and 
when loaded, a range extender is incorporated to deal with 
large strains. 

The particular arrangement of the strain gauges is deter- 
mined by consideration of the loading and the results required. 
If pure tension or compression only is experienced, one gauge 
lying in the direction of the applied load only is required. If 
bi-axial stresses are present, i.e. in two directions at right 
angles, either two or three gauges lying in different directions 
will be required depending on what facts are known. If the 
directions of the principal stress are known or can be deduced, 
then two gauges at right angles lying in the planes of these 
stresses will suffice, e.g. around the circumference at the 
centre of the length of a uniform cylinder under pressure 
there will be principal stresses in the direction of the length 
and at right angles to this round the circumference, the longi- 
tudinal and hoop stresses respectively. 


Where the directions of the principal stresses cannot be 
deduced three gauges will be required in a known configura- 
tion. This latter case is the one most frequently occurring in 
practice and involves the use of “strain gauge rosettes” which 
is the arrangement of three gauges round a point usually at 
45° or 60° to one another. Of these two, the most common is 
the 60° rosette where three gauges form an arrow head with 
60° between adjacent gauges (a) or what is the same thing, the 
three gauges at 120° to one another forming a star (b) or 


triangle (c). 


a b 
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Unless the gauges are to be used under laboratory condi- 
tions where conditions can be adequately controlled, the 
gauges are encapsulated in the laboratory in the required 
configuration. Considering a 60° rosette, four tested gauges 
of the same resistance and gauge factor are selected and three 
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of them are arranged to form to 60° arrowhead by tempor- 
arily sticking them to adhesive paper while the fourth, which 
will be the temperature compensating gauge for the other 
three, is fixed separately. Short lengths of wire are next 
soldered to the gauge terminals, two to each gauge. Plasticiser 
Araldite 101 is then poured over the rosette and compensator 
until they are completely encapsulated, taking care to firmly 
anchor the connecting wires in the Araldite. When set, the 
paper is removed leaving the encapsulated gauges with the 
original backing paper of the gauges flush with the bottom 
face of the Araldite. The temperature compensating gauge 
may be bonded to blocks of the material to be tested, either 
in the laboratory or on the site. The encapsulation not only 
holds the gauges in the desired configuration, but also helps 
to protect them while being handled. The gauges are now 
ready to be bonded to the test specimen and connected via 
leads and switch boxes to the strain meter. The switch boxes 
are used to obviate the necessity of connecting each gauge 
with its compensator individually to the strain meter. Thus 
any desired gauge may be selected at random if necessary. 

Before the strain gauges can be positioned, the surface of 
the test piece must be prepared by removing all paint and 
surface defects, e.g. mill scale, etc., so that a smooth surface 
is achieved. If a buff is used, care must be exercised not to 
gouge the surface, and this may best be done with a rotary 
sander with a rubber backing disc and alumina or emery 
sanding discs. The surface is then degreased and the gauges 
attached taking care to work out all air bubbles from the 
centre and leave only a thin film of cement under the gauges. 

Should the gauges be in an exposed position, they should 
be packaged; the effects of draughts and moisture may be 
overcome by covering the gauges with a pad of cotton wool 
and the whole enclosed by waterproof sheeting securely sealed 
round the edges, but if much moisture or immersion in fluid 
be expected, the gauges and all electrical connections should 
be carefully sealed using a waterproofing compound liberally 
applied. 

Where dynamic readings are contemplated, special elec- 
tronic equipment will be necessary. In this case the strain 
readings are produced on a roll of paper either as an ink 
trace or on special self-developing photographic film. This 
gives a continuous trace of the strain readings which may be 
referred to a calibration curve for absolute values. 

The readings obtained from the static strain meter for a 
given rosette will be e,, e, and e,. From this, the maximum 
and minimum principal stresses and the angle between the 
gauge and the maximum principal stress plane are found. 


APPENDIX III 


SHEATHED DECKS 

While the foregoing tests are suitable for design information 
or allowable loadings for ships in service, occasions arise 
where it is desirable to use trucks which have a greater weight 
than could be recommended. In these conditions some method 
is required to reinforce the deck plating. This may be done by 
intercostal stiffening as described previously, but another 
method which may prove more economical is to sheath the 
decks with timber. The timber not only spreads the load locally 
under the wheel but also spreads it over much of the fore and 
aft length of the frame space, since it is the timber which 
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causes the plating to deflect and the plating will take up the 
deflection curve of the timber, thus giving an interface pres- 
sure for a considerable percentage of the frame space. 

Tests were therefore carried out as before, but in this case 
some deal planks were butted together to simulate deck 
sheathing and laid between the wheel and the test plate. 
Three thicknesses of wood were considered, 1} in., 2 in. and 
24 in. thick by 6 in. wide and these were tested lying both 
perpendicular and parallel to the stiffeners. The results are 
shown in Fig. 15 for the former case. 


> 


The wood itself was investigated by loading a 6 in. x 24 in. 
plank through the single wheel with a | in. thick rubber tyre. 
The test was limited to the single plank since the 6 in. width 
was the maximum which could be accommodated in the anvil 
of the machine and thus the wheel which was 9 in. wide over- 
lapped the plank by 14 in. each side. 

The wheel was loaded in increments of 24 tons and no 
instrumentation was used. About 9-10 tons, during loading, an 
audible sharp crack was heard and loading was discontinued 
above 10 tons. 


On examination of the plank it was found that the crack 
had been caused by a knot directly beneath the wheel break- 
ing out slightly from the wood. Apart from this, no deforma- 
tion of the wood was apparent, and it appeared still to be in 
very good condition. Since the wheel was only reacted over 
two-thirds of its width, it appears reasonable to assume that 
for 24 in. thick sheathing in good condition a load of up to 
14 tons per in. width of wheel could be accommodated, and 
since this is more than would be expected from a normal fork 
lift truck the effect of the truck wheels loads on efficient wood 
sheathing in good condition would appear to be such as to 
cause no concern. 


While the results in Fig. 15 show considerable increase in 
allowable load, only two thicknesses of plating have so far 
been tested, and so general conclusions cannot be drawn. 


INSULATED DECKS 

Since insulation covering on decks varies to such an extent, 
no general rules can be given and each case must be con- 
sidered individually. 


Firstly, the insulation itself must be capable of withstanding 
the imposed loads without crushing or deflecting unduly. 
Secondly, the insulation must be capable of spreading the 
load. For example, consider an insulation composed of 
insulant, grounds and wood sheathing. It may be that the 
insulant is heavy density cork slabs covered with | in. tongued 
and grooved sheathing. This may carry a given load depen- 
dent on strength of insulation and strength of deck. If grounds 
are fitted between the slabs and these grounds are supported 
at intervals by short chocks of the same cross section as the 
grounds, any load coming directly over these chocks will be 
transmitted to the deck by them and give a concentrated load 
on the deck. Thus, the allowable load carried by the deck 
may be decided by this concentrated load and may be less 
than that possible in the absence of the chocks and grounds. 


It is hoped to commence investigations into the allowable 
load which may be carried by insulated decks in the near 
future. 


OTHER TYPES OF WHEELED VEHICLES 


Information has been obtained from various sources to give 
a general indication of the wheel loads likely to be met from 
normal vehicles. 


Various tyre manufacturers were approached and data 
obtained which would enable the load carried by various 
common sized tyres to be found, a summary being shown in 
the table. This shows that for normal lorries, buses, etc., the 
maximum wheel load is about 2+ tons and so the axle load 
may be deduced from the wheel arrangement or vice versa. 
Thus, for axle loads greater than five tons, twin or dual wheels 
may be expected at either end and for loads greater than ten 
tons either two axles will be fitted or one axle with dual 
wheels in tandem. As in the case of fork lift trucks, each 
single or dual wheel will be sufficiently far apart from its 
neighbour to avoid any interaction. 


Where heavy haulage trailers are concerned, full details with 
respect to wheel loads and arrangements require to be known 
since some trailers can carry up to 250 tons and have specially 
designed tyres allowing high wheel loading. 


TYRE DATA 


Nominal size 6-00 » 20 7-00 
Maximum load (tons) 0-82 1*25 
Nominal size 11-00 x 20 12-00 
Maximum load (tons) 2:9 S215 
Nominal size 18-00 x 25 24-00 » 
Maximum load (tons) 7°85 12-80 
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Discussion on 


INVESTIGATIONS INTO THE USE OF FORK LIFT TRUCKS 
ON BOARD SHIP 


By W. Smith 


Mr. J. B. DAVIES 


The paper which Mr. Smith has given us tonight shows that 
sometimes a great deal of work may lie behind an amendment 
to the Rules which finally only needs three or four lines of 
type. 

The Author mentions that when the first enquiry was 
received a mathematical analysis was carried out as shown in 
Appendix I but this is only half the story ; the main difficulty 
was to decide which of the many formule given in various 
text books was applicable. Could the deck be considered as 
simply supported? When a mathematician referred to a load 
over “‘a small area” was his idea of “small” the same as ours? 
It will be seen that the formula selected gave results well on 
the conservative side compared with the wheel loading of 
16 t* determined as a result of the laboratory experiments. 

The results of the investigations on the first three ships 
when plotted on one diagram (Fig. 4) caused some consterna- 
tion since they appeared to show that °36 in. was the optimum 
plate thickness. Part of the explanation is probably that 
advanced by the Author, but it may also be partly explained 
by reference to Fig. 8. From this figure it will be seen that 
there is a large, and irregular, difference between the results 
obtained from the °465, -47 and -48 in. plates and if the 
actual plate thicknesses on the ship were not precisely those 
used, then the plot would have looked very different. It might 
have been better if the spots had not come out so well; then 
we would have put a line through them and referred to experi- 
mental errors due to the conditions arising when work is done 
in difficult circumstances on board ship. It was mainly due 
to the anomaly shown by this plot that it was decided that a 
systematic series of experiments should be put in hand. 

The usefulness of the results have fully justified the work 
involved and have enabled enquiries from owners to be 
answered with confidence. 


Mr. G. M. BOYD 


This work is a good example of the kind of ad hoc experi- 
ments which the Society is well fitted to do, and which it has 
done very well on many previous occasions. 

It was not merely an exercise in stress analysis, but a real 
and successful effort to produce definite Rule requirements 
for the guidance of the industry in a new situation. 

The usual method for dealing with moving load problems 
is by “influence lines” which can be very helpful, though 
somewhat difficult to produce and manipulate. This method 
does not seem to have been applied to this work. 

The object of this kind of work should not merely be the 
determination of stresses, but should be directed to finding 
formule to determine the loading required to produce failure, 
to which suitable safety factors can be applied. 

In this case, the criteria of failure are presumably (a) per- 
manent set or fracture of the plating, or (b) permanent set or 
fracture of the supporting structure. 


It seems that it was decided, a priori, that the worst position 
of the load was at the centre of the plate panel, but it may 
be that worse conditions can arise by repeated passing of the 
load over the stiffeners, which could produce peaks or “hard 
spots” tending to aggravate the bumping of the truck. Has this 
possibility been investigated? 

On the matter of membrane stresses, I would refer the 
Author to the discusssion of a paper by J. H. Lamble and 
Li Shing in Trans. I.N.A. 1947, in which an example was 
shown, as per the diagram given on page 143 of the volume. 
It can be seen from this that even under elastic conditions, 
the surface stress for a given load is very much less than 
would be deduced from simple beam theory applied to the 
plate. 

If the membrane effect were taken into account, it would 
be unnecessary to stipulate such an unrealistic “stress” as 
25 t/sq. in. It should be made clear that this figure, used in 
the paper, is a purely nominal concept. 

Some of the anomalous behaviour shown in Fig. 4 may be 
bound up with the membrane effect. It is to be remembered 
that the ordinates in this plotting are surface strains, and not 
stresses. It is probable that in the thinner plates, membrane 
stresses predominate, while in the thicker plate bending pre- 
dominates. 

If the problem of combined bending and membrane effect 
is fully worked out, it is found that the first onset of yielding 
is over the supports, leading to the kind of peaking mentioned 
earlier. This is, of course, less pronounced when the load is 
on one panel at a time, and particularly when torsion of the 
supporting beams reduces the fixing moments, but the effect 
remains, and it is to be expected that peaking will occur in 
time unless the loads are such as to produce only elastic 
stresses. 

The Author has said that the formule given on page 12 
were based on a line passing just above the points in Fig. 12, 
but on plotting the line for a coefficient of 1°53, it appears to 
go through the middle of the points. Will the Author please 
comment on this? 

I think it would have been useful to re-state the units for 
the formule, i.e. stresses in t/sq. in., loads in tons and thick- 
nesses in inches. 


Mr. G. DE WILDE 


What I particularly like about this paper is that it has 
increased our knowledge. So often papers just summarise 
other people’s findings, this one is different because it gives 
original work. The presentation suffers from what is always 
a difficulty in this sort of paper in that it gives too much for 
those who just want to know the answer and gives too little 
theory and explanation to satisfy our curiosity on some points. 

The investigations on the Belgian ship from which Fig. 3 
was derived have led to some intriguing results. At a load 
of about 1:8 tons the slope of the line suddenly changes, 


becomes less impact. This cannot be attributed to yielding, 
as Mr. Smith does, because this would cause an increase in 
Slope as is confirmed by the laboratory investigations. The 
deflection curve is also going the wrong way. Could Mr. Smith 
tell us if there was any initial unfairness in the deck panels 
between the beams? This could be an explanation for the 
peculiar run of the curves. The initial straight bit could be 
caused by a straightening out of the plate panels adjacent to 
the tested panel. This causes the beams to come in, this 
probably stopped at a load of 1°8 tons. After this the load- 
strains relation is governed by the deflection of the loaded 
panel only and the rate of increase of strain will be less. I 
may be entirely wrong here but could Mr. Smith comment 
on this. 

Also, we are all used to stress-strain on load-deflection 
diagrams which have load or stress up the side and strain or 
deflection along the bottom. It would have been easier if Mr. 
Smith had arranged his diagrams that way. Fig. 4, of course. 
is baffling and I hope it keeps worrying Mr. Smith and that 
some time he may come up with a solution. 

I think a tensile test diagram of the steel used in the labora- 
tory tests should have been included giving Young’s modulus 
and upper and lower yield stress. Also I think that Mr. Smith 
should have left strains and not convert them into a nominal 
stress by noting Young’s modulus. It should be realised that 
the stress condition here is two-dimensional, so-called plane 
stress, this can be seen from Figs. 2 and 6, and that the stress- 
strain relation as given by a tensile test diagram does not 
apply here. I don’t think Mr. Smith’s explanation of why the 
load-strain relation remains straight to up to 25 tons/in.2 is 
satisfactory. First of all the lines in Fig. 8 are not quite 
straight but curve downwards slightly, could this be due to 
some initial “give” in the restraining structure? The lower 
yield stress may be somewhere near 16 tons/in.? but the 
upper yield stress may be considerably bigger also, because 
of the two-dimensional stress conditions. Yield will occur at 
a higher load than under line stress conditions upon which 
16 tons/in.* is based. This may be an explanation for what 
has been found. It would also have been interesting if the 
tests could have been extended until a second plastic line at 
the beams was formed and perhaps until complete collapse. 

Some of the specimens were gauged on both sides and Mr. 
Smith mentions membrane stresses, but unfortunately he does 
not give any figures. 

Finally, the design formula which is given at the end is 
said to be based on the upper limit of the band in Fig. 12. 
In fact it is not and appears to be based on a mean line. It 
also has the disadvantage that its simplicity conceals the 
enormous amount of work which must have gone into this 


paper. 
Mr. A. C. VINER 


This is a lucid report of a very interesting experimental 
investigation. The Author’s scientific approach is admirable 
and it is of great credit to him that he has produced a design 
formula which is simple and rational and which is verified 
both by laboratory tests and tests on board ship. 

The formula states that the allowable load varies as the 
square of the plate thickness, but is independent of beam 
spacing. Striking confirmation of this is afforded by plastic 
theory. Assuming yield to occur according to the maximum 
shear stress criterion, a point load on any shape of plate with 
straight or convex edges clamped against rotation causes 
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serious permanent set when it reaches the base tal t’, where 


6, is the yield stress in pure tension. This load does not 
produce complete collapse, of course, since tensile membrane 
forces develop due to the deflected shape of the plate, whether 
or not the edges are free to move in the plane of the plate. 
However, in conjunction with a suitable factor of safety, this 
load forms a useful design point and, with a tensile yield 
stress of 16 tons/in.*, use of the Author’s formula would 
provide a factor of safety against serious permanent set of 1-6. 

On page 9, plastic flow at the plate surface is discussed and 
it is stated that the yielded surface material must initially 
return to its original position due to the internal bending 
energy of the plate. This cannot be so, since plastic flow is 
irreversible under a system of loads which do not change 
direction. It may be shown that the strain rate at the top and 
bottom surfaces of a rectangular section beam under bending 
increases but slowly from its elastic value as yielding starts to 
spread through the depth of the beam. When the yield zones 
approach the centreline, however, the increase becomes very 
rapid. No doubt the same is true of a plate under a lateral 
load and it is probable that in these tests the increase of strain 
rate at the plate surface was too small to be measured until 
the point when yielding had almost reached the middle surface 
of the plates. Hence the plate surface stresses appeared to 
increase linearly after the material had in fact yielded. 

Were any tests conducted on plates with different boundary 
conditions and, if so, were any differences in plate behaviour 
observed? Plastic theory indicates that a plate with its edges 
free to slide inwards would have the same permanent set load 
as one with its edges held rigidly apart, but subsequent 
deformations would be greater. It would be interesting to 
know whether this occurs in practice and also whether an 
axial compressive load, such as may be caused by overall 
bending of the ship or by bending of deck beams under a 
“tween deck load, would make any difference to the permanent 
set load. 


Mr. A. BUCKLE 


1. The Author says that he cannot explain the anomaly 
shown in the strains recorded in Fig. 4, and some of the other 
speakers also seem despondent about doing so. 

The Author does, however, suggest that the results may 
have been influenced by the boundary conditions of the plate 
panels under consideration, but he then continues his paper 
with test results that show a fall off in stress so fast that at a 
distance of only some 3 ft. from the load the effect of the 
load becomes negligible. In the circumstances it is difficult 
to see how the deep hatch end beam and the hold bulkhead, 
with a spacing of about 8 ft., could result in the variations 
of strain recorded—all things being equal. 

But all things are not equal. By lifting the values of strain 
from Fig. 4 and plotting them on Fig. 12, it would appear 
that they mainly lie within the band of experimental scatter 
recorded in the Crawley tests. (In fact the only values which 
do not lie in, or very close to, this band are the strains 
recorded on the thicker plates, i.e. on plates of about 0°42 in. 
thick, and in this case the strain is considerably greater than 
average, not less as might be expected if adjacent structure 
was giving greater than average support to the panel.) 

It would seem therefore that, apart from the readings for 
the -42 in. plating, the anomaly in Fig. 4 could well have 
been due to normal experimental scatter happening to have 


gone all one way with middle range of plate thicknesses. 

This also shows up as a possible explanation if the values 
from Fig. 4 are plotted on Fig. 13. If this is done, the curve 
of all-up weight starts below the “average” line when the 
plating is 0°30 in. thick, crosses it at about t=0°31 and 
recrosses it at about t=0°39, ie., the average line as plotted 
by the Author gives a rough approximation for these values, 
too. 

2. All experiments appear to have been made in empty 
holds or on unloaded plates. 

In practice this will seldom occur and it seems reasonable 
to assume some initial direct or bending stress in the plates 
due to cargo in the hold and overall bending stresses in the 
ship. Would it not be prudent to make some allowance for 
this by reducing the allowable “stress” in the formula at the 
top of page 12, column 2, from 25 tons/in.* to something a 
little lower? 

3. In the experiments on insulated decks is it intended to 
take the effect of low temperatures into account in view of 
already known tendency for cracking to occur in such areas 
unless Grade D or Grade E steel is used? 


AUTHOR’S REPLY 


Before considering the discussion, I should like to thank 
my colleagues for their contributions and to draw attention 
to the following corrections. 

The heading to Fig. 7 should read: Plate size 9 ft. x 
6 ft. 6 in. and the size of stiffeners 6 in. x 34 in. x 4 in. 
inverted angles. On page 12, second column, the All-Up 
Weight of Truck should be 48 (plate thickness)? tons. 

As will be realised, this paper is a factual report of the 
investigations carried out and the results obtained over a 
period of two years, with the intention of obtaining an em- 
pirical and simple formula which would enable the allowable 
total weight of truck to be used on a bare steel deck to be 
obtained, without the introduction of correction factors which 
it might or might not be possible to assess. Thus, the formula 
had to be capable of accommodating differing truck and 
weight distributions between front and rear wheels and vary- 
ing beam spacings and stiffnesses, since cases would probably 
arise where snap decisions were required as to whether a 
certain truck of unknown specification could be used on board 
a given ship. With the formula, all that is required is that the 
truck be run on to a weigh-bridge when the allowable capacity 
of the truck can be very simply computed from its weight 
and front wheel arrangement, i.e. single or dual wheels. 

As can be imagined, shipboard tests were expensive, con- 
trolling conditions difficult and with results as in Fig. 4 doubts 
on accuracy were raised. As Mr. Davies points out, this may 
be rationalised from the later work in Fig. 8. However, it 
must also be pointed out that, while experimental errors must 
occur in work of this kind, it is not thought that in this par- 
ticular case these were the cause of the anomalous results. For 
example, the plate thickness was carefully measured at 
exactly the spot where the maximum stress occurred. The 
deck had been polished both sides with an emery cloth sand- 
ing disc (and not buffed to avoid gouging the plate) to accom- 
modate the strain gauges. The deck was drilled at the sides 
of the gauge to allow a vernier gauge through the plate, so 
giving the thickness to the nearest 0:1 mm. During the experi- 
ment the zero drift of the gauges was insignificant. 

Considering the results, even allowing for excessive experi- 
mental error of, say, 3 tons/in.* and ignoring the thinnest 


plate, a mean straight line through the relevant points still 
shows an increase in stress with thickness for constant load. 

Mr. Boyd has suggested that this anomaly is connected with 
membrane Stresses. These stresses were measured on both the 
ships, and on the tests at Crawley, and were found to be 
not very great—about 3 tons/in.*. Two membrane stresses 
can be deduced from Fig. 7, gauges 3 and 3A and 5 and SA, 
which show membrane stresses of 14 and 34 tons respectively. 
While this type of stress was obtained for all test specimens, 
no simple correlation could be found, either with respect to 
position, plate thickness or load. This was probably due to 
experimental errors occurring which, with such small stresses, 
could be a fair percentage of the actual stress. 

While no results were included with the wheel in any other 
position than the centre of the frame space, other positions 
were considered when the dynamic tests were carried out. In 
this case one of the wheels of the truck ran along the line of 
gauges as it passed over the beam space, while each gauge 
continuously recorded the strain, electronically printing the 
result as a photographic trace. From this, as from theory, it 
could be seen that the maximum stresses always occurred at 
the centre of the beam space when the wheel was also in this 
position. 

I am afraid that the derivation of the formula on page 12 
is slightly misleading. The sentence where this first occurs is 
“For simplicity, it may therefore be assumed that stress= 

wheel load 


nN 
Ww 


———_.—_——_—”. This was assumed since it was con- 
(plate thickness)* 


sidered that this formula would only be used for the calcula- 
tion of the maximum wheel load which could be used on a 
given plate thickness or vice versa, and would actually only 
apply in the region of 25 tons/sq. in. In retrospect it would 
have been much easier to lift the abscissae of the point in 
Fig. 12 where the ordinate of the upper edge of the scatter 
band is 25. This gives a figure of 16 and hence for maximum 


wheel load : 
—___—_—_—_—_—_—_—_ —_———-= 16, i.e. Allowable wheel load= 
(thickness in inches)? 


16 » (thickness)’. The actual value is slightly less than 16, 
about 15-7, but again for simplicity 16 was used. 

Mr. de Wilde has pointed out that my conclusion in Fig. 3 
is not altogether correct. My reason for assuming the yield 
point to have been reached was the appearance of permanent 
set in both the gauges and the deflections, yet, as he says, 
one would have expected the strain rate to have increased as 
in the laboratory tests. Whether this was due to original un- 
fairness in the deck or not I cannot say. However, the deck 
in the region of the test area was extremely fair and flat to 
the naked eye with no dishing whatsoever. 

Mr. Viner has approached the subject from the plastic 
design aspect and indicates that there should be little differ- 
ence in final load whether the edges are constrained or not. 
This was actually examined out of interest in the case of the 
0°47 in. thick plate. The plate was tested normally and then 
all the holding down bolts on the two longer sides were 
removed while those on the two shorter sides were slackened 
off. Repeating the test showed that, while actual deflections 
were much greater, the deflection of the centre of the beam 
space relative to the stiffeners showed no significant change, 
while the stresses were also practically identical to the bolted 
down plate. 

As for stresses already existing in the plating due to overall 
bending of the ship or loading having any effect on the plating 
under the maximum load, I would doubt it. Firstly, these 


loading 


stresses must be small as the decks on which the trucks work 
will be near to the neutral axis; also, increasing the working 
stresses of 25 tons/sq. in. by a small amount should have no 
significant effect on the permanent set. Further, in most ships 
using trucks any stresses so occurring would normally be 
compressive, thus alleviating matters. 


Mr. Buckle has attempted to rationalise Fig. 4 from Fig. 12 
showing the scatter commensurate with that found at Crawley. 
However, it must be remembered that the main scatter in the 
Crawley results is due to changes in beam spacing and stiff- 
ness and tyre size. If these are kept constant on all the plates, 
the scatter in Fig. 12 is significantly reduced and plotting 
Fig. 4 with the relevant points in Fig. 12 shows Fig. 4 to cause 
excessive scatter. Comparing them with Fig. 13 to give scatter 
about the curve is also erroneous, since this curve is not an 
average curve, but the design curve of maximum allowable 
loads. Thus, the points in Fig. 4 should all plot above the line 
for a stress of 25 tons/sq. in., since in this case the beam 
spacing was 324 in., while Fig. 13 is drawn for spacings in 
excess of this, and Fig. 9 shows that for constant stress, load 
increases slightly with decrease in frame spacing. 
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I doubt if, under normal circumstances, any stress occurring 
in the deck would have much effect on permanent set in the 
plating. If this were to be considered one would also have to 
consider all the other varying factors, and this in turn would 
tend to make the formula clumsy and liable to error and/or 
argument. 

With regard to testing at low temperatures, the quality of the 
steel to be used in refrigerated spaces is already controlled by 
the Rules. Thus, the tests on insulated decks will primarily be 
confined to evaluating the load bearing capacity of the differ- 
ent types of insulants themselves, since it is expected that the 
load capacity of the insulation will be the factor that deter- 
mines the allowable load. For example, considering Fig. 5, 
it will be seen that for a truck inducing a “stress” on a bare 
steel deck of 25 tons/in.2, the same truck, when insulated 
from the deck by 24 in. thick wood only induces a stress of 
about 5 tons/sq. in. It must not, however, be inferred that 
because a deck is insulated with a material of high load 
capacity that the weight of truck may be increased over that 
which could be accommodated on the bare deck, since any 
allowable increase will be governed by the design of the 
insulation. 
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